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by Thomas Kosciuch 
December 2017 
Tropical cyclone inundation is a major threat to the highly exposed islands of the 
South Pacific. This vulnerability was highlighted in March 2015 when Tropical Cyclone 
(TC) Pam made landfall on Vanuatu as a Category 5 storm, impacting coastlines with 
storm surges that produced high water marks up to 7 m above MSL and deposited 
sediments up to 400 m inland. We examined the foraminiferal assemblages contained 
within TC Pam sediments at two locations in Vanuatu: a mixed-carbonate embayment 
(Manuro), and a volcaniclastic beach (Port Resolution Bay; PRB). At Manuro, the TC 
Pam sediments were up to 10 cm thick and contained abundant foraminifera (955 to 2015 
individuals per 5 cm3). At PRB, TC Pam sediments were up to 44 cm thick with lower 
abundances of foraminifera (27 to 206 individuals per 5 cm3).  The TC Pam assemblage 
was dominated by intertidal and subtidal foraminifera that are characteristic of beach, 
reef flat, and reef crest environments. The TC Pam assemblage at Manuro was dominated 
by unaltered foraminifera, but some individuals also showed signs of abrasion. TC Pam 
sediments at PRB contained fewer unaltered and more corraded foraminifera. The 
modern surface foraminiferal distributions were compared with those from TC Pam 
sediments to assess provenance. Cluster analysis discriminated six subenvironments 
within the modern coastal zone, and discrete intervals sampled from TC Pam sediments 
at Manuro were individually clustered with the surface samples to reveal a shallow 
nearshore to supratidal (-4.9 to +1.3 m above MSL) source for the sand.
 iii 
ACKNOWLEDGMENTS 
I would like to express gratitude to my advisor, Dr. Jessica Pilarczyk. Her 
patience and guidance helped shape not only this thesis, but my abilities to apply, 
challenge, and expand upon established scientific principles. Dr. Jessica Pilarczyk 
continues to challenge me and provide me with opportunities to expand upon my research 
and present it at international meetings. 
I would also like to thank the other members of my thesis committee, Dr. Davin 
Wallace and Dr. Scott Milroy, who taught me to view my research through a different 
perspective. In addition, I would also like to thank the co-authors of the Marine Geology 
publication associated with this thesis. They include: Dr. Pilarczyk, Dr. Fritz, Ms. Hong, 
Dr. Horton, Allan Rarai, Morris Harrison and Fred Jockley. In addition, I would like to 
acknowledge Dr. Charlotte Brunner for her foraminiferal expertise; Aaron Bland, Rachel 
Stearns, Keefer Rourke, Dr. Eddie Smith, Alysha Ahlin, Anne Griffis, Shara Gremillon, 
and Uchenna Nwankwo for their editorial expertise; and Dr. Fredrick Taylor for literature 
on the geology of Vanuatu. 
Lastly, this study would have not been possible without funding provided by the 
National Science Foundation (NSF; EAR-1545619) or the residents of Efate, Erromango, 











 Dziękuję mamie i tacie. Wy wybudowaliście nie tylko ładne i dobrze-
zbudowane domy, ale ładne i dobrze-zbudowane dzieci. Moją fundacjia jest bez pęknień 
(podobnie do waszych domów [mam nadzieje]), i myślę, że dozwoli mogjego 
ewentualnego osiągnieńcia domu w naszej dzielnicy. Mam nadzieję, że zostaną nagrody 
które można wygrać poza ścianach w Stennis Space Center. Dzienkuje M i T.  
 
 v 
TABLE OF CONTENTS 
ABSTRACT ........................................................................................................................ ii 
ACKNOWLEDGMENTS ................................................................................................. iii 
DEDICATION ................................................................................................................... iv 
LIST OF TABLES ............................................................................................................ vii 
LIST OF ABBREVIATIONS ............................................................................................. x 
CHAPTER I – TROPICAL CYCLONE HAZARDS ......................................................... 1 
Introduction ..................................................................................................................... 1 
Tropical Cyclone Pam..................................................................................................... 4 
Site description................................................................................................................ 4 
CHAPTER II - METHODS .............................................................................................. 10 
Sediment collection ....................................................................................................... 10 
Foraminiferal analysis ................................................................................................... 11 
Statistical analysis ......................................................................................................... 13 
CHAPTER III - RESULTS ............................................................................................... 22 
Surface samples from Undine Bay, Efate Island .......................................................... 22 
Foraminifera within TC Pam sediments from Manuro, Efate Island ............................ 26 
Foraminifera within TC Pam sediments from PRB, Tanna Island ............................... 28 
Cluster analysis on TC Pam sediments ......................................................................... 30 
Distinguishing TC Pam sediments from the underlying soil .................................... 30 
 vi 
Assessing provenance of TC Pam sediments............................................................ 31 
CHAPTER IV – DISCUSSION........................................................................................ 32 
Modern foraminifera at Undine Bay ............................................................................. 32 
Foraminiferal trends within TC Pam sediments ........................................................... 37 
Provenance of TC Pam sediments ................................................................................ 39 
CHAPTER V – CONCLUSIONS .................................................................................... 43 
APPENDIX A – Foraminiferal plates ............................................................................... 44 
APPENDIX B – Foraminiferal datasets ............................................................................ 46 
APPENDIX C - PAM cluster analysis ............................................................................ 104 
APPENDIX D – Foraminiferal references ...................................................................... 105 
APPENDIX E - Foraminiferal analysis, species richness ............................................... 116 
Foraminiferal fragmentation ....................................................................................... 116 
Biodiversity indices .................................................................................................... 116 
APPENDIX F Statistical analysis ................................................................................... 119 
‘Cluster’ package in R ................................................................................................ 119 
Partitioning Around a Medoid (PAM) ........................................................................ 119 




LIST OF TABLES 
Table 1 Foraminiferal concentration and abundance data (ranges and averages with 
standard deviations) from the six modern subenvironments observed at Undine Bay. .... 23 
Table A1  Foraminiferal distribution at Undine Bay (Samples 42, 29, 49, 30) ................ 46 
Table A2  Foraminiferal distribution at Undine Bay (Samples 39, 31, 38, 1) .................. 49 
Table A3  Foraminiferal distribution at Undine Bay (Samples 3, 4, 5, 33) ...................... 53 
Table A4  Foraminiferal distribution at Undine Bay (Samples 9, 7, 25, 15) .................... 57 
Table A5 Foraminiferal distribution at Undine Bay (Samples 24, 13, 43, 48) ................. 60 
Table A6 Foraminiferal distribution at Undine Bay (Samples 46, 26, 32, 36) ................. 64 
Table A7 Foraminiferal distribution at Undine Bay (Samples 41, 50, 47, 44) ................. 67 
Table A8  Foraminiferal distribution at Undine Bay (Samples 40, 57, 34, 58) ................ 70 
Table A9  Foraminiferal distribution at Undine Bay (Samples 11, 27, 35, 59) ................ 74 
Table A10  Foraminiferal distribution at Undine Bay (Samples 8, 53, 51, 52) ................ 77 
Table A11 Foraminiferal distribution at Undine Bay (Samples 40, 57, 34, 58) ............... 80 
Table A12 Foraminiferal distribution at Undine Bay (Samples 55, 17, 22, 21) ............... 83 
Table A13  Foraminiferal distribution at Undine Bay (Samples 16, 54, 14, 18) .............. 86 
Table A14 Foraminiferal distribution at Undine Bay (Sample 19) .................................. 89 
Table A15  Taxonomic and taphonomic assemblages from TC Pam sediments (samples 
M1-0, M1-3, M1-6, M1-18, M1-20, PRB1-1, PRB1-7) ................................................... 92 
Table A16  Taxonomic and taphonomic assemblages from TC Pam sediments (samples 
PRB1-12, PRB1-15, PRB1-16, PRB3-2, PRB3-2.5, PRB4-4.5, PRB3-8.5) .................... 95 
Table A17  Taxonomic and taphonomic assemblages from TC Pam sediments (samples 
PRB3-12.5, PRB3-16.5, PRB3-26.5, PRB3-30.5, PRB4-2, PRB4-4, PRB4-5) ............... 98 
 viii 
Table A18  Taxonomic and taphonomic assemblages from TC Pam sediments (samples 
PRB4-6, PRB4-6.5, PRB4-7.5, PRB4-8, PRB4-8.5, PRB4-11, PRB4-17, PRB4-23) ... 100 
Table A19  Taxonomic and taphonomic assemblages from TC Pam sediments (samples 
PRB4-27, PRB4-31) ....................................................................................................... 102 
Table A20  PAM cluster analysis for surface samples collected at Undine Bay ............ 104 





LIST OF ILLUSTRATIONS 
Figure 1. Vanuatu and TC Pam storm track ....................................................................... 3 
Figure 2. Undine Bay, Manuro and Port Resolution Bay study locations ......................... 7 
Figure 3. Surface foraminiferal assemblages within Undine Bay .................................... 14 
Figure 4. Results of PAM cluster analysis on surface samples from Undine Bay ........... 15 
Figure 5. Distinguishing overwash from underlying sediment using PAM ..................... 16 
Figure 6. Foraminifera within TC Pam sediments from Manuro ..................................... 17 
Figure 7. Sediment provenance of TC Pam sediments at Manuro ................................... 18 





LIST OF ABBREVIATIONS 
  USM    The University of Southern Mississippi 
  MSL    Mean Sea Level 
  PAM     Partitioning Around a Medoid 
  PRB    Port Resolution Bay 
  TC    Tropical Cyclone 
  USD    United States Dollars 
  m    meters 
  km    kilometers 
  km/h    kilometers per hour 
  mph    miles per hour 
  D    Simpson’s Diversity Index 








CHAPTER I – TROPICAL CYCLONE HAZARDS 
Introduction 
The islands of Vanuatu are particularly vulnerable to damage caused by 
landfalling tropical cyclones because of the number of communities (80% of Vanuatu's 
population is concentrated along the coast) and agricultural fields occupying low-lying 
coastal areas (Sovacool et al., 2017). Vanuatu has a history of tropical cyclones impacting 
its coastlines including Tropical Cyclones Uma in 1987, Fran in 1992, Prema in 1993, 
Paula in 2001, Ivy in 2004, and Pam in 2015 (JTWC, 2015). Tropical Cyclone (TC) Pam 
was a rare Category 5 (Saffir-Simpson Hurricane Wind Scale) event that caused ~ $449 
million (USD) in damages (Nishijama et al., 2015). However, reliable records of tropical 
cyclones impacting Vanuatu are limited to the last several decades, with only 
fragmentary evidence of events extending as far back as the 1890s (Paton, 1894; Lawrie, 
1898). Geological investigations are a means for expanding the short historical record of 
tropical cyclones by hundreds to thousands of years (Liu and Fearn, 1993; Donnelly and 
Woodruff, 2007; Toomey et al., 2013), permitting the study of even the rare, but intense 
events.  
As a tropical cyclone's storm surge inundates coastal areas, overwash sediments 
are deposited into low-energy environments where they normally would not occur 
(Collins et al., 1999; Hippensteel et al., 2005; Hawkes and Horton, 2012). Modern 
analogues of landfalling tropical cyclones aid in the interpretation of older storm 
sediments that are preserved in the geologic record (Woodruff et al., 2008). Foraminifera 
are useful in identifying storm sediments because they indicate the transport of marine 
sediment into an otherwise terrestrial setting (Scott et al., 2003; Hawkes and Horton, 
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2012). Foraminifera are small (50 to 500 μm), single-celled, protists that cement 
(agglutinated foraminifera; Lee and Anderson, 1991) or secrete (calcareous foraminifera; 
Haynes, 1981) a shell (or test) and live in marine and brackish environments (Lipps, 
1983). Their microscopic size allows for statistical analysis with small volumes of 
sediment (e.g., ~ 5 cm3; Pilarczyk et al., 2014). Overwash sediments often contain 
allochthonous marine foraminifera because of the landward transport of offshore 
sediment by a storm surge (Lane et al., 2011; Williams, 2011). However, mixed 
assemblages (i.e., multiple sediment sources) are common in overwash sediments due to 
a storm surge's ability to erode, transport, and deposit sediment from multiple sources 
(e.g., marine, brackish, and terrestrial environments; Hippensteel and Martin, 1999; 
Hawkes and Horton, 2012). Most studies that use microfossil assemblages to document 
tropical cyclone sediments within modern analogues have been conducted in temperate 
siliciclastic settings (e.g., Williams, 2009; Hawkes and Horton, 2012; Hippensteel et al., 
2013), with only a few studies from tropical and semi-tropical environments (Brill et al., 
2016; Pilarczyk et al., 2016), and none conducted in islands of the South Pacific.  
In this study, foraminiferal assemblages were examined from sediments deposited 
by TC Pam from two of the hardest hit islands in Vanuatu: Efate Island (Manuro field 
site) and Tanna Island (Port Resolution Bay field site; Figure 1). Modern surface samples 
were collected from Undine Bay to understand the surface distributions of foraminifera 
within key coastal subenvironments from Efate Island. The modern distributions from 
Undine Bay were used to statistically assess the provenance of TC Pam sediments at 
Manuro. A series of trenches were excavated at Manuro (mixed-carbonate environment) 
and Port Resolution Bay (volcaniclastic environment) to expose the TC Pam sediments. 
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At both sites, TC Pam sediments were characterized by foraminifera that were more 
unaltered (i.e., pristine) than those found within the underlying soil. TC Pam sediments 
from Manuro contained high concentrations of foraminifera that were more unaltered 
than those from TC Pam sediments at Port Resolution Bay (PRB). Partitioning Around a 
Medoid (PAM) cluster analysis on foraminiferal data from TC Pam sediments from 
Manuro were compared to the modern foraminiferal assemblages from nearby Undine 
Bay and revealed a shallow nearshore to supratidal (beach to reef crest; +1.3 to -4.9 m 
above MSL) source for the sand. The microfossil signature of the sediments deposited by 
TC Pam serves as the only modern analogue of a landfalling Category 5 tropical cyclone 
in the South Pacific islands and will be important to future paleotempestological studies 
in Vanuatu as well as other tropical locations. 
 
Figure 1. Vanuatu and TC Pam storm track  
a) Location map of Vanuatu showing TC Pam's track (pink-hashed line; NOAA, 2016) and intensity (Saffir-Simpson Hurricane Wind 
Scale). b) Map of Efate Island indicating the location of Undine Bay (surface sample collection site) and Manuro (TC Pam sediments 
collection site). c) Map of Tanna Island showing location of Port Resolution Bay (PRB; TC Pam sediments collection site).  
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Tropical Cyclone Pam  
TC Pam was the third tropical cyclone of the 2014–2015 storm season in the 
South Pacific. TC Pam began as a southward tracking tropical disturbance (11F) and 
intensified to tropical cyclone status at 5:01 UTC on 9 March when it was 1000 km 
northeast of the Solomon Islands (Bosserelle, 2015, see Figure 1a for TC Pam track). The 
system tracked in a south-southwest direction and continued to intensify until 22:00 UTC 
on 13 March when it reached Category 5 status (Nishijama et al., 2015). TC Pam tracked 
12 km east of Manuro (Figure 1b) on Efate Island, producing high winds (145 km/h; 90 
mph) and a maximum run-up height of +5.6 m above MSL that resulted in damage to 
90% of the structures on the island (Bosserelle, 2015; UNOCHA, 2015). Approximately 
8 h later, TC Pam tracked within 25 km of the western shore of Tanna Island, where wind 
speeds reached up to 270 km/h (168 mph) and run-up heights associated with the storm 
surge ranged from +3.3 to +5.5 m above MSL (Figure 1c; JTWC, 2015). After passing 
Tanna Island, TC Pam tracked south- southeast and eventually dissipated approximately 
5600 km southeast from the southernmost island in Vanuatu.  
Site description  
Vanuatu is an archipelago consisting of 83 islands that extend over 870 km in the 
southwestern Pacific Ocean (Figure 1a). Vanuatu is separated into three geologic 
provinces; the Western Belt, the Eastern Belt, and the Central Chain (Carney and 
MacFarlane, 1979), with Efate and Tanna islands located in the Central Chain (Ash et al., 
1978; Smith, 1991). The geology of Efate Island is characterized by Pleistocene 
trachydacite, basalt, and uplifted Quaternary reefs (Taylor et al., 1987; Stewart et al., 
2010), whereas Tanna Island is characterized by Pleistocene to Quaternary andesite and 
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uplifted reef formations (Firth et al., 2014; Brothelande et al., 2015). The geologic 
differences between the two islands, including the presence of active volcanism on Tanna 
Island, have resulted in different sediment inputs into the coastal zone. Nearshore and 
beach environments on Efate Island are characterized by mixed-carbonate sediments 
(Ash et al., 1978). Similar environments on Tanna Island are dominated by volcaniclastic 
sediments sourced predominantly from the Siwi caldera (Carney and MacFarlane, 1979). 
In this study, we collected modern surface sediments from Undine Bay because it was 
one of the only locations on Efate Island that was unaffected by TC Pam's storm surge 
(Nishijama et al., 2015) and because it is characterized by similar subenvironments that 
are present at Manuro, permitting provenance assessment for the TC Pam sediments. We 
collected trench samples from TC Pam sediments and the underlying soils at Manuro 
(Efate Island) and PRB (Tanna Island) because these locations contained the thickest 
sequences of overwash sediments that were deposited by TC Pam. 
Undine Bay is a sheltered system (155 km2) located on the northern coast of Efate 
Island, approximately 30 km northwest of Manuro (Figure 1b). The bay is bordered by a 
series of islands that restrict communication with the open ocean to a 6 km opening in the 
northwest and three small inlets (< 1 km wide) in the east. TC Pam had a negligible 
impact on the bay owing to the sheltering effect produced by the surrounding islands and 
its location relative to TC Pam's storm track (~ 40 km to the west and therefore on the 
weaker right side of the storm system's forward motion). At Undine Bay, we collected 
surface sediment from six subenvironments that were used to infer the provenance of TC 
Pam sediments: open bay, forereef, reef crest, reef flat, mangrove, and beach (Figure 2a). 
The open bay is characterized by water depths ranging from -12 to -500 m above MSL 
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(Krueger and Sharma, 2008). Landward of the open bay subenvironment, the forereef is 
characterized by a seaward sloping modern fringing reef and reef platform (Krueger and 
Sharma, 2008) with an elevation of -4.5 to -24.1 m above MSL. The highest elevation 
along the reef tract is the reef crest, an area characterized by shallow (-0.8 to -6.8 m 
above MSL) undulating bathymetry and high wave energy relative to other locations 
within Undine Bay. Landward of the reef crest is a sandy-bottomed reef flat (-0.8 to -2.0 
m above MSL) that contains patch reefs. The coastline of Undine Bay is characterized by 
a series of mangroves and narrow beaches. The mangroves (0.0 to -0.6 m above MSL) 
exist in small patches and are dominated by Avicennia spp. (Taylor, 1978), a common 
mangrove species. Beaches along the coastline (+0.3 to +1.3 m above MSL) are both 
gently and moderately sloping and generally do not contain a well-defined berm. 
 7 
  
Figure 2. Undine Bay, Manuro and Port Resolution Bay study locations 
Sample sites on Efate and Tanna islands showing major geomorphological features. a) Location of surface samples collected from 
Undine Bay (Efate Island). Location of Manuro b), c) on Efate Island and Port Resolution Bay d), e) on Tanna Island indicating where 
TC Pam deposited a sand layer (red-hashed line) and where it transitioned to a pumice layer (orange solid line). The position of 
trenches M1 and PRB1, PRB3, and PRB4 within the sand layers at both sites is indicated by an orange rectangle.  
 
Manuro is a shallow, microtidal (≤ 1 m) coastal embayment (~1 km2) that faces 
the open Pacific Ocean (IOC, 2016; Figure 1b). Wave energy is dampened by the 
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sheltering effect resulting from the uplifted corals that surround the embayment (Figure 
2c). At Manuro, a narrow fringing reef (Howorth, 1985) transitions to a ~100 m wide, 
gently sloping beach that extends 0.1 km in a shore-parallel direction (Figures 2b-c). The 
beach is characterized by a gently sloping gradient that has a maximum elevation of +1.8 
m above MSL. Sediment on the beach is mixed-carbonate (Ash et al., 1978) and contains 
foraminifera and fragments of corals and mollusks. At the landward boundary of the 
beach, a vegetation zone consisting of low-lying shrubs, grasses, and trees extends 400 m 
inland towards Lake Otas. Lake Otas is a 6 m deep freshwater lake (Combettes, 2016) 
that communicates with the embayment by a seaward sloping ephemeral river (Figure 
2b). Although common along the coastline of Efate Island, mangroves were notably 
absent from the Manuro area. Manuro is located to the west of TC Pam's track and on the 
weaker right side of the direction of the storm system's forward motion. In this scenario, 
TC Pam's forward motion subtracts from the rotational wind speeds. However, Manuro's 
southeastern facing shoreline was directly exposed to head-on winds in the onshore 
direction during TC Pam's approach, resulting in coastal inundation at this site.  
Port Resolution Bay (PRB) is a shallow (-5.0 to -7.0 m above MSL), northeast 
facing, normally sheltered bay (~2 km2) on the easternmost point of Tanna Island 
(Brothelande et al., 2015; Figures 1c, 2d-e). PRB is microtidal with a tidal range of ~1.2 
m (IOC, 2016). Wave energy within the bay is low due to the sheltering effect of the 
rocky headlands that surround > 50% of the bay. Along the southern edge of PRB, a 
small (extends 1.3 km in a shore-parallel direction), narrow (10 to 40 m wide) beach is 
present. The beach is characterized by a pronounced shore-parallel berm that has a 
maximum elevation of +1.8 m above MSL. Sediment on the beach is predominantly 
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composed of volcanic material sourced from the nearby Siwi caldera, and trace amounts 
of foraminifera and mollusk fragments (Carney and MacFarlane, 1979; Firth et al., 2014; 
Brothelande et al., 2015).  
Landward of the beach is a vegetated area that is characterized by low-density 
coconut trees and grasses. The vegetated area extends 175 m inland to the shores of Lake 
Eweya, a brackish system that communicates with the bay via a tidal channel on the 
southeast side of the lake (Figure 2d). Port Resolution Bay was approximately 50 km to 
the east of TC Pam's track and on the stronger left side of the direction of the storm 
system's forward motion. In this scenario, TC Pam's forward motion adds to the rotational 
wind speeds. The northward facing PRB was directly exposed to peak head-on winds as 
TC Pam's track passed across Tanna Island.  
  
 10 
CHAPTER II - METHODS 
Sediment collection 
Surface sediment samples were collected from Undine Bay, a sheltered system on 
the northern coast of Efate Island, for comparison with TC Pam sediments from Manuro 
(Figures 1b, 2a). Undine Bay represents a unique opportunity to assess modern coastal 
foraminiferal distributions that were not affected by TC Pam's storm surge (Nishijama et 
al., 2015). A similar sheltered site was not available on Tanna Island, so statistical 
comparisons between surface sediments and those deposited by TC Pam are limited to 
Manuro. In total, 53 surface sediment samples were collected from the uppermost 1 to 2 
cm of the sediment-water interface (Figure 2a) from all observed subenvironments within 
Undine Bay (open bay, forereef, reef crest, reef flat, mangrove, and beach). Sediment 
samples from subenvironments shallower than -5.0 m above MSL were collected by 
walking survey or free diving. Samples deeper than -5.0 m above MSL were collected 
using an Ekman grab sampler attached to a rope. Depth measurements were obtained 
using a Vexilar handheld digital sonar unit and the coordinates of each sample location 
were recorded using a handheld global positioning system (GPS). All trench and surface 
sediment samples were sealed in plastic bags and held in refrigerated storage until 
processing.  
In June 2015, three months after TC Pam made landfall on Vanuatu, all accessible 
coastal sites on Efate and Tanna islands were visited. At each site, high-water marks were 
surveyed and the presence of sedimentary evidence deposited by TC Pam's storm surge 
was recorded. Among all the sites that were visited, one site was selected on each island 
that was characterized by: 1) maximum observed inundation distance, 2) the presence of 
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a sandy overwash deposit, and 3) minimal anthropogenic change since TC Pam inundated 
the coastline. Sites that fulfilled these criteria include Manuro on Efate Island (Figures 
1b, 2b-c) and PRB on Tanna Island (Figures 1c, 2d-e). At each site, the elevations of 
trenches, as well as run-up points (elevation of maximum water inundation), and debris 
run-up points (maximum elevation of debris deposition) were measured using a Trimble 
GPS rover connected via Bluetooth to a Lasercraft XLRic laser range finder (e.g., Fritz et 
al., 2009; Soria et al., 2016, Soria et al., 2017). At each site, 50 cm wide by 40 to 150 cm 
deep trenches were excavated using shovels to expose the TC Pam sediments and assess 
vertical and lateral stratigraphic trends. In the field, TC Pam sediments were 
discriminated from the underlying sediments by an abrupt (sharp) basal contact, a 
decrease in organic matter, a change in lithological structure (e.g., the presence vs. 
absence of laminae), and a color change from dark brown to beige.  At Manuro a 25 cm 
deep trench (M1) was excavated where TC Pam sediments were thickest (Figure 2c), and 
at PRB four trenches were excavated (PRB1, PRB2, PRB3, and PRB4) that ranged in 
depth from 33 to 125 cm along a shore-perpendicular transect. At trenches PRB1, PRB3, 
and PRB4, sediment samples were collected from within TC Pam sediments and the 
corresponding underlying layer (Figure 2e). Sampling resolution ranged from 0.5 to 3.0 
cm, capturing any visually discernible change in structure (e.g., laminations, coarse-grain 
pulses). Photographs and stratigraphic logs were taken at each trench site. Results of 
grain size analysis from the same sample set (PRB1-4) are presented in Hong et al. 
(2017).  
Foraminiferal analysis  
Foraminiferal analysis was conducted on all surface and trench sediment samples. 
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Each surface sediment sample was stained with Rose Bengal immediately following 
collection (e.g., Schönfeld et al., 2012). Rose Bengal stains the living cytoplasm pink and 
allows recognition of foraminifera that were alive at the time of collection (Walton, 1952; 
Murray and Bowser, 2000). Prior to analysis, 10 cm3 of sediment was washed over a 32-
μm sieve to concentrate foraminifera and testate amoebae (freshwater protists). Sieved 
samples were either wet- or dry- split depending on the presence or absence of 
agglutinated taxa (Patterson et al., 2005). Each sample was counted to at least 300 
foraminifera per sample in order to obtain 95% confidence levels in species with 
abundances in excess of 5% (Patterson and Fishbein, 1989). Once split, all foraminifera 
in a given fraction were counted to obtain a total concentration (i.e., number of 
foraminifera within a known volume of sediment). Foraminiferal taxa were identified 
following the taxonomy of Loeblich and Tappan (1987) and Debenay (2012) using a 
binocular dissecting microscope (Appendix A; Figure AF1). Calcareous foraminifera 
were further categorized according to the taphonomic (i.e., surface) condition of their 
tests. Taphonomic categories include: unaltered, fragmented with angular edges, 
fragmented with rounded edges, and corraded (combined influence of corrosion and 
abrasion; Appendix A; Figure AF2). Abundances of unaltered, fragmented, and corraded 
foraminifera have previously been used to document overwash deposits (Goff et al., 
2011; Sieh et al., 2015; Pilarczyk et al., 2016). In this study, fragmented individuals were 
categorized as having either angular or rounded edges, a technique that has been applied 
to mollusk assemblages within overwash deposits because it identifies those individuals 
that were fragmented during overwash transport (angular fragments) versus those that 
were fragmented and rounded by nearshore processes (rounded edges; e.g., Donato et al., 
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2008). For each sample the total concentration of foraminifera per 5 cm3 of sediment, 
species richness (total number of species present in a given sample), diversity (Simpson’s 
Index, D, Simpson, 1949; Shannon Index, H, Shannon, 1948), and relative abundance of 
each taxon and taphonomic category were recorded and are presented in Appendix B; 
Tables A1 to A19. Further descriptions and calculations of fragmentation ratios (i.e., 
rounded: angular ratios), the Simpson’s Index, and the Shannon Index can be found in 
Appendix E. 
Statistical analysis 
Partitioning Around a Medoid (PAM) cluster analysis was performed using the 
relative abundance of foraminiferal taxonomic and taphonomic data to: 1) identify 
modern foraminiferal assemblages within Undine Bay (Figures 3-4), 2) discriminate TC 
Pam sediments from underlying sediments at Manuro (Figure 5), and 3) determine the 
dominant source for TC Pam sediments at Manuro (Figure 6). We used the ‘cluster’ 
package in R (Maechler et al., 2005; Appendix F) to employ PAM cluster analysis 
(Kaufman and Rousseeuw, 1990) on the foraminiferal assemblages contained within 
surface (Undine Bay) and trench (Manuro) samples following the methods of Kemp et al. 
(2012) and Pilarczyk et al. (2016). This clustering method is a non-user biased clustering 
algorithm that assigns samples into a user-defined number of groups by sorting samples 
according to their medians (Kaufman and Rousseeuw, 1990). Partitioning Around a 
Medoid generates a plot of silhouette widths that are an estimate of a sample's 
classification. Silhouette widths range in size from -1 to 1, where a width of -1 represents 





Figure 3. Surface foraminiferal assemblages within Undine Bay 
 a) Elevation profile indicating the location of major geomorphological features and surface samples (orange dots) within each 
subenvironment. b) Concentration of foraminifera per 5 cm
3
. c) Relative abundances (%) of dominant and indicator foraminifera. d) 




Figure 4. Results of PAM cluster analysis on surface samples from Undine Bay  
Taxonomic a), taphonomic b) and combined (taxonomic and taphonomic) c) data were clustered separately to determine which dataset 
was most useful in discriminating the six subenvironments observed at Undine Bay. Average silhouette widths for each scenario are 
indicated by a red-hashed line. Sample IDs are color coded to reflect the field-observed subenvironment from which a particular 
sample was collected. Taxonomic and taphonomic data combined c) produced clusters that best explained the major subenvironments 
at Undine Bay d). Elevation range for each cluster is noted in italics and expressed as m above MSL.  
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Figure 5. Distinguishing overwash from underlying sediment using PAM 
Partitioning Around a Medoid cluster analysis using taxonomic data a), taphonomic data b), and taxonomic and taphonomic data 
combined c) to discriminate TC Pam sediments from the underlying soil at Manuro. Average silhouette widths for each plot are 





Figure 6. Foraminifera within TC Pam sediments from Manuro  
a) Elevation profile indicating the location of major geomorphological features and trench M1. b) Core photo and stratigraphic log for 
trench M1. Concentration of foraminifera per 5 cm
3 
c), relative abundance (%) of dominant and indicator species and taphonomic 





Figure 7. Sediment provenance of TC Pam sediments at Manuro 
Taxonomic a), taphonomic data b), and combined c) data from TC Pam sediments (red box) collected from three intervals (0 to 3 cm, 
3 to 6 cm, and 6 to 9 cm) were clustered with surface samples from Figure 4 to reveal a shallow reef flat to beach (-4.9 to +1.3 m 
above MSL) source for the sand. Average silhouette widths are indicated by red-hashed lines and elevation ranges (m above MSL) for 
each cluster are indicated in italics.  
 
 
Surface sediment samples from Undine Bay were clustered using a six-cluster 
scenario because this was the number of subenvironments identified in the field (open 
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bay, forereef, reef crest, reef flat, mangrove, and beach). Prior to cluster analysis, 
foraminiferal abundances (% of total assemblage) were first standardized using z-scores; 
a means of standardizing datasets by determining how many standard deviations a value 
is from the mean (Kaufman and Rousseeuw, 1990). We used three datasets to cluster 
each of the surface sediment samples to assess which was most useful in distinguishing 
the six subenvironments at Undine Bay: 1) taxonomic data, 2) taphonomic data, and 3) 
taxonomic and taphonomic data combined. The taxonomic dataset includes species 
itemized in Appendix B; Tables A1 to A14. In order to determine which species were 
most useful in producing silhouette plots that grouped samples in the appropriate cluster, 
we first clustered all identified species, followed by all species that were present in 
abundances > 1% in at least one sample. This was repeated at every 1% interval up to 
15% (Appendix C; Table A20). We determined that species present in abundances > 13% 
(except N. calcar and Quinqueloculina spp.) in at least one sample were the most 
effective in identifying the modern subenvironments at Undine Bay because they 
clustered the greatest number of samples (66%) into the correct group (Appendix C; 
Table A20 for results of each statistical iteration). These species include: Amphistegina 
spp., Calcarina mayori, Cibicides spp., Elphidium spp., Marginopora vertebralis, and 
Peneroplis pertusus. The taphonomic dataset included abundances of foraminifera that 
were unaltered, corraded, fragmented with rounded edges, and fragmented with angular 
edges. The combined dataset (Figure 6; Cm1-6) distinguished the six subenvironments at 
Undine Bay with an accuracy of 94%, which was better than either the taxonomic (66%; 
Figure 6 Tx1-6) or taphonomic (64%; Figure 6 Tp1-6) datasets alone.  
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Partitioning Around a Medoid cluster analysis was performed on the foraminiferal 
data from trench M1 at Manuro using the same methods that were used for clustering the 
surface samples from Undine Bay. The foraminiferal data were clustered into two groups 
in order to discriminate TC Pam sediments from the underlying soils. This was done 
using three separate datasets: 1) taxonomic data, 2) taphonomic data, and 3) taxonomic 
and taphonomic data combined. In order to assess sediment provenance, each sampled 
interval from the TC Pam sediments (0 to 3 cm, 3 to 6 cm, and 6 to 9 cm) from trench M1 
was clustered individually with surface samples from Undine Bay (Figure 4). Provenance 







Figure 8. Foraminifera within TC Pam sediments from PRB.  
a) Elevation profile indicating the location of major geomorphological features and trenches PRB1, PRB3, and PRB4. b) Core photos and stratigraphic logs for trenches at PRB. 
Concentration of individuals per 5 cm
3 
c), relative abundance (%) of dominant and indicator species d), and taphonomic condition of foraminifera e) within TC Pam sediments and the 
underlying layer.  
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CHAPTER III - RESULTS 
Surface samples from Undine Bay, Efate Island  
Each of the six subenvironments varied in terms of their taxonomic and 
taphonomic assemblages (Table 1). Relative to other subenvironments, open bay samples 
were characterized by high species richness (28 to 38 species out of a total of all 90 
species identified in this study) and high concentrations of foraminifera (2248 to 3730 
individuals per 5 cm3). In the open bay, samples also had a high diversity (D = 0.09 to 
0.10; H = 2.79 to 3.00) and were dominated by Amphistegina spp. (12 to 26%; Figure 3; 
Appendix B; Tables A1 to A14). Operculina spp. (4 to 10%) and Sorites orbiculus (0 to 
9%) were present within the open bay, but were rare in other sampled subenvironments. 
Although both were low in abundance, C. mayori (2 to 5%) and planktic species were 
also present (0 to 7%). Foraminifera within the open bay were predominantly unaltered 
(53 to 64%), but also corraded (29 to 37%), and fragmented (5 to 10%). The ratio of 
rounded to angular fragmented foraminifera ranged from 80:20 to 87:13.  
Relative to other subenvironments, forereef samples were characterized by the 
highest species richness values (31 to 54 species out of a total of 90 species), high 
concentrations of foraminifera (1103 to 5632 individuals per 5 cm3) that were the most 
diverse of all subenvironments (D = 0.04 to 0.13; H = 2.79 to 3.41), and were dominated 
by Quinqueloculina spp. (1 to 32%), Amphistegina spp. (1 to 11%), and C. mayori (0 to 
11%), with minor abundances of planktic species (0 to 7%; Figure 3; Appendix B; Tables 
A1 to A19). The taphonomic assemblage consisted of mostly unaltered (48 to 76%) and 
corraded (9 to 35%) individuals, although some were fragmented (6 to 23%). The ratio of 
rounded to angular fragmented foraminifera ranged from 61:39 to 92:8.  
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Table 1  
Foraminiferal concentration and abundance data (ranges and averages with standard 
deviations) from the six modern subenvironments observed at Undine Bay. 
 
 
Environment: Open bay Forereef Reef crest Reef flat Mangroves Beach 
Description:  Low energy Seaward sloping 
modern fringing 

















-12.0 to -500 -4.5 to -24.1 -0.8 to -6.8 -0.8 to -2.0  0.0 to -0.6 1.3 to 0.3 
Species 
richness:  
28 to 38 
(33 ± 5) 
31 to 54 
(41 ± 8) 
21 to 42 
(31 ± 6) 
14 to 36 
(21 ± 6) 
24 to 51 
(33 ± 11) 
13 to 28 
(18 ± 5) 
Concentration  
per 5 cm3: 
2248 to 3730 
(2948 ± 744) 
1103 to 5632 
(2693 ± 1469) 
799 to 1704 
(1259±228) 
39 to 3022 
(575 ± 744) 
417 to 2020 
(1261 ± 498) 
81 to 388 
(167 ± 122) 
Concentration  
per 1 cm3: 
450 to 746 
(590 ± 149) 
221 to 1126 
(539 ± 292) 
160 to 341 
255 ± 58 
8 to 605 
(115 ± 149) 
83 to 404 
(252 ± 100) 
16 to 78 
(33 ± 24) 






12 to 26  
(19 ± 7) 
Operculina 
spp.  
4 to 10  
(6 ± 5) 
Quinqueloculina 
spp.  
1 to 32 (17 ± 9) 
Amphistegina 
spp. 
1 to 10 (5 ± 4) 
C. mayori 
0 to 32 (18 
± 11)  
Cibicides 
spp.  
1 to 19  
(10 ± 6) 
C. mayori 
13 to 76  
(48 ± 18) 
Amphistegina 
spp. 
0 to 20 (5 ± 4) 
Elphidium 
spp. 
8 to 22  
(16 ± 5) 
 M. vertebralis 
9 to 27  
(18 ± 7) 
C. mayori  
34 to 55 (42 ± 8) 
Pararotalia spp. 
4 to 8 (7 ± 2) 
Dominant 
taphonomic 
condition (%):  
Unaltered 
53 to 64 
 (60 ± 6) 
Corraded 
29 to 37  
(33 ± 4) 
Unaltered 
48 to 76  
(64 ± 10) 
Corraded 
9 to 35 (24 ± 8) 
Corraded 
5 to 87  
(49 ± 9) 
Unaltered 
1 to 47 
 (33  14) 
Corraded 
5 to 87  
(62  22) 
Fragmented 
5 to 50  
(21  15) 
Corraded 
31 to 55  
(45  8) 
Unaltered 
22 to 43  
(29 ± 7) 
Corraded 
55 to 86 (69 12) 
Fragmented 
11 to 41  
(26 ± 12) 
 
Environmental characteristics with mean values and standard deviations are presented in parentheses.    
 
Reef crest samples had high species richness values (21 to 42 out of a total of 90 
species), moderate to high concentrations of foraminifera (799 to 1709 individuals per 5 
cm3) that were moderately diverse (D = 0.05 to 0.14; H = 2.36 to 3.27), and were 
dominated by C. mayori (0 to 32%) and Cibicides spp. (1 to 19%; Figure 3; Appendix B; 
Tables A1 to A14). Although low in abundance, Spiroloculina spp. (0 to 3%) was present 
in most reef crest samples, but rarely found in sediments from other subenvironments (< 
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1%). Reef crest samples were nearly devoid of planktic species (0 to < 1%). Foraminifera 
within the reef crest samples were mostly unaltered (2 to 47%) and corraded (39 to 68%), 
although some were fragmented (10 to 29%). The ratio of rounded to angular fragmented 
foraminifera ranged from 82:18 to 99:1.  
Reef flat samples had moderate species richness values (14 to 36 species out of a 
total of 90 species), moderate to low concentrations of foraminifera (39 to 3022 
individuals per 5 cm3) that were the least diverse of all subenvironments (D = 0.06 to 
0.60; H = 2.36 to 3.27), and high relative abundances of C. mayori (13 to 76%) and M. 
vertebralis (0 to 56%; Figure 3; Appendix B; Tables A1 to A14). Similar to the reef crest, 
the reef flat was nearly devoid of planktics (0 to 3%). Reef flat foraminifera were mostly 
corraded (5 to 87%), although some were fragmented (5 to 50%) and unaltered (1 to 
47%). The ratio of rounded to angular fragmented foraminifera ranged from 72:28 to 
100:0. In general, forereef, reef crest, and reef flat samples contained similar species. 
However, the three reef subenvironments differed by the relative abundances of C. 
mayori and unaltered individuals. The forereef (Cm3) contained the lowest abundances of 
C. mayori (0 to 20%) and highest abundances of unaltered individuals (37 to 76%). The 
reef crest (Cm2) contained moderate abundances of C. mayori (0 to 32%) and unaltered 
individuals (28 to 47%); whereas the reef flat (Cm4) contained the highest abundances of 
C. mayori (13 to 76%) and the lowest abundances of unaltered individuals (1 to 45%).  
Mangrove samples had moderate to high species richness values (24 to 51 species 
out of a total of 90 species), moderate concentrations of foraminifera (417 to 2020 
individuals per 5 cm3) that were moderately diverse compared to other subenvironments 
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(D = 0.09 to 0.10; H = 2.79 to 3.00), and were dominated by Elphidium spp. (8 to 22%) 
and M. vertebralis (9 to 27%; Figure 3; Appendix B; Tables A1 to A14). Unlike all other 
subenvironments, mangrove samples contained agglutinated intertidal taxa (e.g., 
Trochammina inflata; 0 to 2%). Calcarina mayori and planktic species were nearly 
absent from mangrove samples (1 to 7%, and 0 to 1% respectively). The taphonomic 
assemblage consisted of corraded (31 to 55%), unaltered (22 to 43%), and fragmented 
(19 to 34%) foraminifera. The ratio of rounded to fragmented foraminifera ranged from 
74:26 to 90:10.  
Beach samples were characterized by low species richness values (13 to 28 
species out of a total of 90 species) and the lowest concentrations of foraminifera (81 to 
388 individuals per 5 cm3; Figure 3; Appendix B; Tables A1 to A14) and were relatively 
not diverse (D = 0.16 to 0.34; H = 1.49 to 2.40). Calcarina mayori (34 to 55%) 
dominated the assemblage, while planktic species were absent. Beach foraminifera were 
mostly corraded (55 to 86%) or fragmented (11 to 41%), with very few unaltered (2 to 
9%) individuals. The ratio of rounded to angular fragmented foraminifera ranged from 
74:26 to 100:0.  
Partitioning Around a Medoid cluster analysis distinguished the six field-observed 
subenvironments at Undine Bay (Cm1: mangrove, Cm2: reef crest, Cm3: forereef, Cm4: 
reef flat, Cm5: open bay, and Cm6: beach). Three clustering scenarios (taxonomy, Figure 
7 Tx1-6; taphonomy, Figure 7 Tp1-6; and taxonomy/taphonomy combined, Figure 7 
Cm1-6) were used to determine which dataset was most effective in distinguishing the six 
field-observed subenvironments. Clustering of taxonomic data produced a low average 
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silhouette width (0.28) and assigned 66% of samples to the appropriate subenvironmental 
group (Figure 4a). Clustering of taphonomic data produced the highest average silhouette 
width (0.46) and assigned the fewest (64%) samples to the appropriate subenvironmental 
group (Figure 4b). When cluster analysis was performed using the combined taxonomic 
and taphonomic datasets, the average silhouette width for Undine Bay surface samples 
was 0.18 (Figure 4c; Appendix C; Table A20). Although the combined dataset produced 
the lowest average silhouette width, it correctly assigned most samples (94%) to the 
appropriate group.  
Foraminifera within TC Pam sediments from Manuro, Efate Island  
The flow height of TC Pam's storm surge at the Manuro site reached up to +5.29 
m above MSL and inundated at least 400 m inland into Lake Otas (Figure 2b-c). Due to 
the dense vegetation, it was not possible to assess if the deposit extended to the furthest 
inland side of Lake Otas. The TC Pam sediments were mapped along a shore-
perpendicular transect and a continuous sand layer (up to 10 cm thick) was found that 
extended 130 m inland from the shoreline, at which point there was an abrupt switch to a 
pumice deposit (up to 18 cm thick) that extended into Lake Otas (400 m inland; Figure 
2d). A thin (< 5 cm) layer of pumice was found on the bottom of the lake, but the lateral 
extent of this submerged deposit could not be determined. Detailed descriptions of the 
size, lithology, and sedimentary characteristics of the TC Pam sand and pumice deposits 
at Manuro are presented in Hong et al. 2017.  
A 25 cm deep trench was excavated (M1) near the landward extent of the TC Pam 
sand layer (i.e., before it transitioned into pumice; Figure 6). The TC Pam sediments at 
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Manuro were characterized by beige, medium- to coarse-grained, carbonate sand (Hong 
et al., 2017) that contained abundant foraminifera, and fragments of corals and mollusks, 
but no testate amoebae. Thicknesses of the TC Pam layer were variable and ranged from 
1 to 10 cm. An abrupt sedimentary change (i.e. sharp contact) separates the TC Pam 
sediments from an underlying dark-brown sandy soil with roots (Figure 6). 
Concentrations of foraminifera within TC Pam sediments at Manuro were high (995 to 
2015 individuals per 5 cm3) compared to the underlying sediment (334 to 456 individuals 
per 5 cm3). The TC Pam assemblage is dominated by Amphistegina spp. (32 to 58%), 
Elphidium spp. (7 to 12%), and Miniacina miniacea (8 to 16%). No planktic species or 
agglutinated mangrove foraminifera were present within TC Pam sediments at Manuro. 
The taphonomic assemblage is dominated by fragmented individuals (38 to 54%) and the 
ratio of rounded to angular fragmented foraminifera ranged from 74:26 to 100:0.  
Foraminifera were also present in the underlying sandy soil, although their 
concentrations were lower (334 to 456 individuals per 5 cm3 in the underlying soil vs. 
995 to 2015 individuals per 5 cm3 in TC Pam sediments; Figure 6; Appendix C; Tables 
A15 to A19). The taxonomic assemblage of the underlying soil was similar to the TC 
Pam assemblage, where species such as Amphistegina spp. (65 to 69% in underlying soil 
vs. 32 to 58% in TC Pam sediments) and Elphidium spp. (10 to 11% in underlying soil 
vs. 7 to 12% in TC Pam sediments) were present in both layers. Similar to the TC Pam 
sediments, the underlying soils were devoid of agglutinated mangrove foraminifera and 
planktic species. Also, notably absent from the underlying soils, but present in TC Pam 
sediments, were Homotrema rubra and M. miniacea. The foraminifera within the sandy 
soil were mostly corraded (81 to 85%) and fragmented (8 to 16%), with very low 
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abundances of unaltered (3 to 7%) individuals present. The ratio of rounded to angular 
fragmented foraminifera ranged from 75:25 to 94:6.  
Foraminifera within TC Pam sediments from PRB, Tanna Island  
The flow height of TC Pam's storm surge at PRB reached 3.30 m above MSL and 
inundated 320 m inland to the opposite side of Lake Eweya (Figure 2d-e). A shore-
perpendicular transect revealed that TC Pam deposited a continuous sand layer (up to 44 
cm in thickness) up to 100 m inland of the shoreline, at which point there was an abrupt 
switch to a pumice deposit (< 5 cm thick) that extended into Lake Eweya (although the 
lateral extent of the submerged deposit could not be determined). Detailed descriptions of 
grain size, lithology, and sedimentary characteristics of the TC Pam sand and pumice 
deposit at PRB are presented in Hong et al. (2017).  
Four trenches were excavated at PRB, but three were sampled (PRB1, PRB3, and 
PRB4; Figure 2e) for foraminiferal analysis within the TC Pam sand layer (i.e., before it 
switched to pumice). TC Pam sediments at PRB were characterized by grey, medium-
grained, volcaniclastic sand (Hong et al. 2017) that contained trace amounts (< 1%) of 
foraminifera and angular mollusk fragments, and did not contain testate amoebae. Within 
the trenches, TC Pam sediments varied in thickness from 12 to 44 cm. Dark brown fine 
sand laminations were present within TC Pam sediments from each of the three sampled 
trenches and ranged in thickness from < 1 cm to 2 cm. A sharp, undulating contact 
separated the TC Pam sediments at PRB from an underlying dark-brown sandy soil. In 
trenches PRB3 and PRB4, a pronounced root mat consisting of abundant flattened 
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grasses and intact roots was present approximately 3 cm below the TC Pam layer (Figure 
8).  
Concentrations of foraminifera within TC Pam sediments at PRB (26 to 206 
individuals per 5 cm3) were less than those from Manuro (995 to 2015 individuals per 5 
cm3) and generally increased with increasing distance inland (e.g., 27 to 62 individuals 
per 5 cm3 at PRB1 vs. 32 to 163 individuals per 5 cm3 at PRB4). Amphistegina spp. (10 
to 37%), C. mayori (11 to 29%), and Pararotalia spp. (3 to 25%) dominated the TC Pam 
assemblage (Figure 8; Appendix B; Tables A14 to A19). Notably absent from all TC Pam 
sediments at PRB were planktic species and agglutinated mangrove foraminifera. Unlike 
Manuro, the taphonomic assemblage at PRB was dominated by corraded individuals (24 
to 78%), but also contained individuals that were fragmented (10 to 65%) and unaltered 
(0 to 25%). The ratio of rounded to angular fragmented foraminifera ranged from 61:39 
to 100:0.  
Foraminifera were found within the laminations associated with TC Pam 
sediments. Concentrations of foraminifera were similar in both the mud laminations (67 
to 163 individuals per 5 cm3) and interbedded sand layers (27 to 206 individuals per 5 
cm3), and contained similar species, with Amphistegina spp. (15 to 28%) and 
Baculogypsina sphaerulata (10 to 24%) dominating the assemblage. The foraminifera 
within the laminations were mostly corraded (40 to 66%) and fragmented (31 to 52%), 
with very low abundances of unaltered (0 to 8%) individuals present. The ratio of 
rounded to angular fragmented foraminifera ranged from to 79:21 to 91:9.  
There was a paucity of foraminifera within the underlying soil at PRB (Figure 8). 
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At PRB1, foraminiferal concentrations were very low (e.g., 5 to 17 individuals per 5 cm3 
at PRB1), and at PRB3 and PRB4, no foraminifera were found within the underlying soil. 
Amphistegina spp. (6 to 31%), C. mayori (15 to 29%), and Pararotalia spp. (6 to 46%) 
dominated the assemblage. However, all foraminifera within the underlying soil were 
either corraded (79 to 100%) or fragmented with rounded edges (0 to 21%).  
Cluster analysis on TC Pam sediments  
Distinguishing TC Pam sediments from the underlying soil 
Partitioning Around a Medoid cluster analysis was used to determine whether 
foraminiferal data could discriminate the TC Pam sediments from the underlying soils at 
Manuro (Figure 5). PRB was omitted from cluster analysis because of low foraminiferal 
concentrations (< 206 individuals per 5 cm3 in TC Pam sediments and < 17 individuals 
per 5 cm3 in underlying soils). Three clustering scenarios at each site were tested: 
taxonomic data, taphonomic data, and taxonomic/taphonomic data combined. Clustering 
of taxonomic data produced relatively high average silhouette widths at Manuro (0.58; 
Figure 5a). However, taxonomic data did not effectively distinguish the two layers 
because both layers had similar species assemblages causing TC Pam samples to cluster 
with underlying soil samples (Figure 5a). For example, within trench M1, two intervals 
from the TC Pam layer (3 to 6 cm and 6 to 9 cm) clustered with the underlying soil 
(Figure 5a). Clustering of taphonomic data produced the highest average silhouette width 
(0.86; Figure 5b), and successfully distinguished TC Pam sediments from the underlying 
soil at Manuro because TC Pam sediments contained higher abundances of unaltered 
individuals (Figure 5b). When cluster analysis was performed using the combined 
taxonomic and taphonomic datasets, the average silhouette width for Manuro was (0.77; 
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Figure 5c). Taphonomy and the combined dataset were the only scenarios that clustered 
all samples in the appropriate group and effectively distinguished TC Pam sediments 
from underlying soils at Manuro.  
Assessing provenance of TC Pam sediments 
We assessed provenance by clustering the TC Pam sediments from Manuro with 
surface sediment samples from Undine Bay. Taxonomic and taphonomic assemblages 
(combined dataset) from discrete intervals within the TC Pam layer were individually 
clustered with Undine Bay surface samples (Figure 7). The combined dataset was used 
because it assigned the greatest number of samples (94%) to the correct cluster at Undine 
Bay (Figure 4c; Appendix C Table A20). We clustered the three sampled intervals from 
TC Pam sediments at Trench M1: 0 to 3 cm (Figure 7a), 3 to 6 cm (Figure 7b), and 6 to 9 
cm (Figure 7c). In each case, TC Pam sediments clustered in a group that was dominated 
by reef flat and beach samples that spanned an elevation range of +1.3 to -4.9 m above 
MSL (Figure 6). When clustered individually, each of the three intervals from the TC 
Pam sediments produced plots with similar average silhouette widths. The 0 to 3 cm 
interval had an average silhouette width of 0.22, and the 3 to 6 cm and 6 to 9 cm intervals 
both had an average silhouette width of 0.21. 
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CHAPTER IV – DISCUSSION 
Modern foraminifera at Undine Bay 
Despite the numerous studies that document modern foraminiferal distributions 
within carbonate reef environments (e.g., Hallock, 1984; Murray, 1991; Gischler and 
Möder, 2009; Debenay, 2012), it remains necessary to document the site-specific 
assemblages that are particular not only to Vanuatu, but also to our study sites at Manuro 
and PRB. Our documentation of the modern foraminifera present within Undine Bay 
provides a new dataset of reefal foraminifera for paleoenvironmental reconstructions in 
carbonate environments from Vanuatu. Using PAM, foraminiferal assemblages were 
clustered using taxonomy (Tx; Figure 4a), taphonomy (Tp; Figure 4b), and 
taxonomy/taphonomy combined (Cm; Figure 4c) into six groups that reflect the number 
of field-observed subenvironments at Undine Bay (Figure 2-3a). Only when using 
taxonomy and taphonomy combined do the clusters resemble the field-observed 
subenvironments. Within silhouette plot Cm, all but two samples (samples 11 and 27) 
clustered in the appropriate group (Figure 4c).  
Cluster Cm1 contained samples that were collected from the mangroves that 
fringe Undine Bay (Figure 4c). Samples within Cm1 are dominated by M. vertebralis (9 
to 27%), a foraminiferan that is common in shallow, low-energy tropical waters of the 
Pacific (Smith and Emiliani, 1968). Although low in abundance, T. inflata, a common 
agglutinated mangrove taxon (e.g., Culver, 1990; Horton et al., 2003; Berkeley et al., 
2009), was exclusive to samples from Cm1. Culver (1990) found that mangrove 
sediments from Puerto Rico contained 100% agglutinated taxa. Similarly, Berkeley et al. 
(2009) report that foraminiferal assemblages within mangrove sediments from Australia 
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were almost exclusively agglutinated, but at Undine Bay, agglutinated taxa represent only 
0 to 8% of the total assemblage in mangrove samples. Horton et al. (2003) found that the 
abundance of agglutinated taxa within mangrove environments is specific to the position 
within the tidal frame. Low-intertidal environments contained lower abundances of 
agglutinated taxa (including T. inflata) and more calcareous ones. The narrow elevation 
range (0.0 to -0.6 m above MSL) of the mangroves at Undine Bay that spans the low-
intertidal zone could explain the unusually low abundances of agglutinated taxa. Other 
factors that may influence the low abundances of agglutinated foraminifera include the 
fact that at Undine Bay, mangroves are small (i.e., not extensive), patchy, and not very 
dense. Samples within cluster Cm1 were mostly corraded (35 to 55%; Figure 3d), a 
finding consistent with Debenay et al. (2004) who found that preservation of foraminifera 
within mangrove sediments from French Guiana was low as a result of bioturbation and 
taphonomic processes.  
All samples collected from the reef crest clustered in Cm2 (Figure 4c). Samples in 
this group were dominated by species adapted to shallow, higher-energy environments 
such as C. mayori (0 to 32%), Cibicides spp. (1 to 19%), and N. calcar (0 to 14%; 
Hallock, 1984). The predominance of C. mayori within reef crest sediments is common 
(Cushman et al., 1954; Hallock, 1984; Renema, 2006), however, the foraminiferan is also 
a dominant constituent of beach, reef flat, and forereef sediments (Figure 3c) and is 
therefore, not indicative of the reef crest. Both the Simpson’s and Shannon indices 
indicate a low species diversity (D = 0.05 to 0.14; H = 2.36 to 3.27), possibly resulting 
from the stress of high-energy dissipation of waves in this subenvironment. Foraminifera 
within Cm2 were both unaltered and corraded in near equal proportions (28 to 47% and 
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38 to 55% respectively; Figure 3d). This is to be expected because exposed high-energy 
areas will weather calcareous foraminifera, while sheltered cryptic spaces that are also 
characteristic of the reef crest, will preserve them.  
Forereef sediments in cluster Cm3 were dominated by Quinqueloculina spp. (0 to 
32%), C. mayori (0 to 20%), Amphistegina spp. (1 to 11%), and M. vertebralis (0 to 11%; 
Figures 3, 4c), had the highest species richness (31 to 53 out of an overall of 90 species), 
and species diversity (D = 0.04 to 0.13, H = 2.79 to 3.41). Forereef sediments from Papua 
New Guinea contained a different assemblage, where B. sphaerulata, Neorotalia sp., and 
Clavulina pacifica were dominant (Langer and Lipps, 2003). By contrast, forereef 
sediments examined from the British West Indies were dominated by Asterigerina 
carinata, Discorbis rosea, and Amphistegina gibbosa (Li et al., 1997). The differences 
between forereef taxa documented in the literature highlight the importance of assessing 
site-specific assemblages. At Undine Bay, the highest abundances of unaltered 
individuals were found within forereef sediments (48 to 76%; Figure 3c).  
 Ninety percent of samples collected from the reef flat clustered in Cm4, with the 
other 10% clustering in Cm3 because abundances of C. mayori were more similar to 
those from sediments from the forereef (Figures 3c, 4c). Samples within Cm4 were 
dominated by C. mayori (13 to 76%), M. vertebralis (0 to 56%), and Amphistegina spp. 
(0 to 20%; Figure 3). Dawson et al. (2012) found that B. sphaerulata comprised nearly 
60% of reef flat assemblages, however, we found very low abundances at Undine Bay 
(up to 6%, < 1% on average ± 2%). Homotrema rubra was present in reef flat samples, 
but was low in abundance (0 to 1%), which is contrary to other Pacific (Pilarczyk et al., 
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2014) and Caribbean (Mackenzie et al., 1965) reef environments that report much higher 
abundances. The reef flat had the highest range of species diversity according to both the 
Simpson’s and Shannon indices (D = 0.06 to 0.60, H = 1.01 to 3.13), possibly because 
this subenvironment is both subtidal and intertidal. High species diversities are consistent 
with other studies. For example, Pilarczyk et al. (2011) found that the intertidal lagoon 
foraminifera (H = 1.5 to 2.4) in Oman had characteristics of both a stressed and a stable 
environment. Next to the beach, the reef flat contained the highest abundances of 
corraded foraminifera (5 to 87%; Figure 3d). This is in agreement with a study by 
Pilarczyk and Reinhardt (2012) that reports similar findings from a reef environment in 
the Caribbean.  
Cluster Cm5 contained samples that were collected from the open bay (Figure 
4c). Samples within Cm5 are dominated by Amphistegina spp. (12 to 26%), 
Quinqueloculina spp. (0 to 23%), Operculina spp. (4 to 10%), and Textularia spp. (4 to 
10%; Figure 3). Highest abundances of Amphistegina spp. are found within open bay 
sediments, a finding that is consistent with studies from similar environments (e.g., 
Cushman et al., 1954). The presence of Operculina spp. and Textularia spp. indicate 
lagoon/bay areas that are influenced by open sea conditions (Debenay, 2012). Samples 
within Cm5 contained some of the highest abundances of unaltered foraminifera (53 to 
64%; Figures 3, 4c). This is to be expected because sample depths associated with this 
cluster are among the deepest (-11.6 to -25.6 m above MSL), sheltering foraminifera 
from weathering processes associated with subaerial exposure and transport by waves or 
currents.  
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Cluster Cm6 is characterized by beach samples that contained C. mayori (34 to 
55%), M. vertebralis (6 to 34%), Pararotalia spp. (4 to 8%), B. sphaerulata (0 to 13%), 
and Amphistegina spp. (0 to 8%; Figures 3, 4c). Similar taxa, but varying abundances, 
were found within beach sediments from the Marshall Islands: Amphistegina spp. (25%), 
M. vertebralis (15%), and Calcarina spengleri (5%; Cushman et al., 1954). Although 
present in all subenvironments, highest abundances of B. sphaerulata were found within 
beach sediments at Undine Bay (0 to 13%). Baculogypsina sphaerulata is often a major 
constituent in nearshore reef environments (Lobegeier, 2002) and is a major contributor 
to beach sediment (Dawson et al., 2012). Dawson et al. (2012) found that B. sphaerulata 
comprised over 72% of the assemblage in beach sediments, with 60% of individuals 
severely abraded. This is in agreement with beach sediments at Undine Bay, where 
foraminifera were dominantly corraded (55 to 86%; Figure 3d). Foraminifera within 
beach sediments often show signs of abrasion due to transport by waves and wind 
(Franceschini and Compton, 2007).  
In general, the concentration of foraminifera was related to depth (Figure 3b). 
Open bay samples contained the highest concentrations (2248 to 3730 individuals per 5 
cm3), followed by the forereef (1103 to 5632 individuals per 5 cm3), mangrove (417 to 
2020 individuals per 5 cm3), reef crest (799 to 1704 individuals per 5 cm3), reef flat (39 
to 3022 individuals per 5 cm3), and beach (81 to 388 individuals per 5 cm3). Mangroves 
are shallow and intertidal, but contained unusually high concentrations of foraminifera 
because they are low-energy, protected environments that are conducive to the 
accumulation of foraminiferal tests. Species richness also showed a relationship with 
depth: forereef, open bay, and reef crest samples had the highest richness (31 to 54, 28 to 
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38, and 21 to 42 respectively), whereas reef flat and beach samples had the lowest 
(species richness = 14 to 36 and 13 to 28 respectively; Appendix B; Tables A1 to A14). 
An offshore increase in species richness of coastal foraminifera has previously been 
documented (e.g., Hayward, 1981; Culver, 1990; Pekar and Kominz, 2001; Wilson et al., 
2012).  
Foraminiferal trends within TC Pam sediments  
Sediments deposited by TC Pam at Manuro and PRB were discriminated from 
underlying soils. At Manuro, taphonomy was most useful in distinguishing TC Pam 
sediments from the underlying soil (clusters TpPam and TpSoil on Figure 5b) because of the 
high abundances of calcareous foraminifera that were predominantly unaltered and 
fragmented (Figures 6, 7; Appendix C; Tables A15 to A19). At Manuro, species diversity 
calculated using both the Simpson’s and Shannon indices reinforced the separation of TC 
Pam from the underlying sediment (DTC Pam = 0.16 to 0.36 vs. DUnderlying = 0.44 to 0.49 
and HTC Pam = 1.69 to 2.31 vs. HUnderlying = 1.27 to 1.47). At PRB, the presence vs. absence 
of foraminifera generally separated the two layers (Figure 7c). Up to 17 individuals per 5 
cm3 were found within the underlying soil at PRB1, the trench closest to the shoreline, 
but this was still less than the 27 to 62 individuals per 5 cm3 found within TC Pam 
sediments. The increase in foraminiferal concentration and diversity within TC Pam 
sediments at Manuro is consistent with other studies (Hippensteel and Martin, 1999; Lane 
et al., 2011; Rabien et al., 2015; Soria et al., 2017). For example, Lane et al. (2011) found 
high concentrations of calcareous foraminifera within overwash sands preserved in a 
sinkhole in northwest Florida, USA. Similarly, Soria et al. (2017) report influxes of 
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nearshore calcareous foraminifera within Typhoon Haiyan sediments along a mixed-
carbonate coastline in the Philippines.  
At both sites, the taxonomic assemblages associated with TC Pam sediments and 
the underlying soils were too similar to discriminate one sedimentary layer from the 
other. For example, species such as Amphistegina spp. (10 to 58% in TC Pam sediments 
vs. 6 to 69% in underlying soils), Elphidium spp. (1 to 19% vs. 0 to 11%), and C. mayori 
(0 to 29% vs. 2 to 29%) did not show pronounced differences between the two 
sedimentary layers (Figure 6; Appendix B; Tables A15 to A19). The lack of ecological 
contrast between an overwash deposit and the underlying layer is a common problem in 
carbonate-dominated coastal environments (e.g., Goff et al., 2011). For example, 
sediments deposited by Typhoon Haiyan on mixed-carbonate coastlines of the Leyte Gulf 
(Philippines) clustered with samples from the underlying soils in cases where the soil was 
derived from beach sand (Pilarczyk et al., 2016). One way of circumventing the 
ecological similarity between an overwash deposit and the underlying layer is to include 
information concerning the taphonomic (i.e., surface) condition of individual 
foraminifera. Taphonomic analysis has been used to assess sediment transport history and 
residence time in the nearshore environment (Glenn-Sullivan and Evans, 2001) and is 
particularly useful in interpreting overwash deposits (Goff et al., 2011; Sieh et al., 2015; 
Soria et al., 2017).  
At PRB, the low concentration of foraminifera can be attributed to the 
volcaniclastic sediments that dominate the eastern coastline of Tanna Island (Carney and 
MacFarlane, 1979). Overwash deposits from clastic-dominated coastlines often contain 
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low concentrations of foraminifera (Horton et al., 2009; Hawkes and Horton, 2012; Putra 
et al., 2013). For example, sediments deposited by Hurricane Ike (2008) along the 
siliciclastic-dominated coastlines of the Gulf of Mexico contained up to 240 foraminifera 
per 5 cm3. Hurricanes Katrina and Rita (2005) deposited sediments in similar clastic 
environments that were devoid of foraminifera (Horton et al., 2009). This is in contrast to 
carbonate environments where foraminiferal concentrations within overwash deposits are 
generally much higher (e.g., up to 6320 foraminifera per 5 cm3 within Typhoon Haiyan 
sediments; Pilarczyk et al., 2016). Similar to Manuro, the taxonomic assemblages within 
TC Pam sediments and the underlying layer were too similar to discriminate one 
sedimentary layer from the other (Figure 7d). Dominant species such as Amphistegina 
spp. (32 to 58% in TC Pam sediments vs. 65 to 69% in underlying soils), C. mayori (0 to 
3% in TC Pam sediments vs. 2% in underlying sediments), and Pararotalia spp. (0 to 3% 
vs. 0 to 1%) were present in similar abundances within both layers. The taphonomic 
assemblage was more effective in distinguishing TC Pam sediments from the underlying 
soil at PRB (Figure 7e). When compared to underlying soils, foraminifera within TC Pam 
sediments generally contained fewer corraded individuals (18 to 31% within TC Pam 
sediments vs. 81 to 85% within underlying soils) and more unaltered ones (26 to 31% vs. 
3 to 7%).  
Provenance of TC Pam sediments  
Sediments deposited by TC Pam when it made landfall on Efate and Tanna 
islands contain foraminifera of supratidal, intertidal, and subtidal origin. Mixed-source 
assemblages are common in storm sediments because as a storm surge approaches a 
coastline, it scours, transports, and deposits sediments from marine and coastal 
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environments (Lane et al., 2011; Hippensteel et al., 2013). The high abundances of 
intertidal and subtidal foraminifera suggest that the dominant source of TC Pam 
sediments was from shallow nearshore environments. When clustered with modern 
surface assemblages from Figure 4, TC Pam sediments from Manuro clustered with reef 
crest, reef flat, and beach samples (clusters M124, M14.54, and M17.54 on Figures 7a-c). 
The depths of surface samples within this group occupy an elevation range of -4.9 to +1.3 
m above MSL, revealing a shallow nearshore to supratidal source for the sand.  
 Unlike Typhoon Haiyan, another Category 5 storm that deposited sediments on a 
tropical coastline, TC Pam did not show a pronounced offshore signal. At a mixed-
carbonate tidal flat in the northern Leyte Gulf, Pilarczyk et al. (2016) found up to 13% 
unaltered deeper-dwelling foraminifera such as Eponides repandus, Cibicides tabaensis, 
and planktic species, indicating that Haiyan's storm surge transported sediments from 
depths greater than the intertidal to subtidal zone. TC Pam sediments were devoid of C. 
tabaensis and planktic species, and contained only trace amounts (< 2%) of E. repandus. 
However, E. repandus was uncommon in surface samples from Undine Bay, and where 
present, individuals were corraded and occupied < 2% of the total assemblage (Appendix 
B; Tables A1 to A14), suggesting that they were transported from elsewhere. Similarly, 
planktic species were present in surface sediment samples (up to 7%) but absent from TC 
Pam sediments at both Manuro and PRB. Planktic foraminifera are common in storm 
(Hippensteel and Martin, 1999; Hawkes and Horton, 2012) and tsunami (Hawkes et al., 
2007; Kelsey et al., 2015) sediments and are often used to identify paleo-overwash 
deposits in the geologic record. Their absence within TC Pam sediments from Vanuatu is 
unusual and may be due to the fact that the storm surge only transported shallow 
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nearshore sediments. Planktic species in surface sediment samples from Undine Bay were 
limited to only a few sites, including the deeper open bay (Sample 19; depth = -25.6 m 
above MSL) and forereef (Sample 21; depth = -23.5 m above MSL) environments 
(Appendix B; Tables A1 to A14).  
 The taphonomic character of foraminifera can provide information concerning 
sediment provenance. Overwash deposits generally contain high relative abundances of 
unaltered foraminifera because storm and tsunami waves scour sediments from depths 
protected from fair weather wave energy and deposit them on land (Satyanarayana et al., 
2007; Goff et al., 2011; Sieh et al., 2015). Foraminifera within TC Pam sediments were 
generally unaltered (e.g., up to 31% at trench M1), but also corraded (e.g., up to 72% at 
trench PRB4; Figures 6, 7), indicating that the dominant source was a mix of exposed 
(i.e., supratidal and intertidal environments) and protected (i.e., subtidal environments) 
sediments (Glenn-Sullivan and Evans, 2001). The relatively equal proportions of 
unaltered and corraded foraminifera within TC Pam sediments is in contrast to Typhoon 
Haiyan sediments, where up to 100% of the assemblage was unaltered and sourced from 
depths below the intertidal zone (Pilarczyk et al., 2016).  
At Undine Bay, beach (11 to 41%), mangrove (19 to 34%), and reef flat (5 to 
50%) sediments contained the highest abundances of fragmented individuals, whereas the 
open bay (5 to 10%) contained the lowest. Rounded fragments were by far the most 
abundant (ranging from 28 to 100% of all fragmented individuals) in the modern 
environment. Reef crest, reef flat, and beach sediments, which dominate TC Pam 
sediments, contained fragments that are on average 82 to 99%, 72 to 100%, and 74 to 
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100% rounded. TC Pam sediments were characterized by higher abundances of fragments 
(10 to 65%) than any modern environment (5 to 10% to 5 to 50%), and were higher than 
the underlying soils (0 to 18%). Within TC Pam sediments, rounded fragments were 
more common (55 to 98%; average of 63 ± 7%) than angular (2 to 48%; average of 37 ± 
7%) ones, but far less than any modern environment (ranging from 28 to 100% to 74 to 
100%; average of 75 ± 6% to 91 ± 14%), suggesting a taphonomic overprint caused by 
storm surge transport. An influx of angular fragments of foraminifera associated with 
overwash deposits has never been documented. However, our results are in agreement 
with studies that document the influx of angular macrofauna (e.g., mollusks, corals) 
within overwash deposits (Reinhardt et al., 2006; Donato et al., 2008; Massari et al., 
2009). Our findings indicate that influxes of angular fragments of foraminifera are useful 
in identifying tropical cyclone sediments.  
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CHAPTER V – CONCLUSIONS 
Within three months of TC Pam making landfall on Vanuatu we surveyed high-
water marks associated with the storm surge and documented the foraminiferal 
assemblages contained within the overwash sediments. The combined use of 
foraminiferal taxonomy and taphonomy was most useful in distinguishing the TC Pam 
sediments from the underlying layer. TC Pam sediments were characterized by an influx 
of calcareous foraminifera that had high relative abundances of unaltered individuals. At 
Manuro, the TC Pam sediments were dominated by intertidal (Amphistegina spp., B. 
sphaerulata, Elphidium spp.) and subtidal (P. pertusus) species, and at PRB, TC Pam 
sediments were dominated by intertidal foraminifera (B. sphaerulata, C. mayori, 
Pararotalia spp.) with some subtidal influence (Quinqueloculina spp.). The taphonomic 
condition of TC Pam sediments at Manuro is characterized by more unaltered (28%) and 
less corraded (25%) foraminifera relative to the underlying layers (5 and 83%, 
respectively), whereas sediments at PRB contain fewer unaltered (11%) and more 
corraded (56%) foraminifera, with few foraminifera in underlying layers. Similar to 
studies that use mollusk taphonomy to identify overwash deposits, we found that TC Pam 
sediments were associated with an influx of angular fragments that were broken during 
transport by the storm surge. A statistical comparison of foraminifera (taxonomy and 
taphonomy) from six modern environments from Undine Bay (open bay, forereef, reef 
crest, reef flat, mangrove, and beach) with TC Pam sediments from Manuro revealed a 
shallow nearshore to supratidal (reef crest to beach) source, spanning depths ranging 
from -4.9 to +1.3 m above MSL.  
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APPENDIX A – Foraminiferal plates 
 
 Dominant and indicator species  
Dominant and indicator species found within Undine Bay and TC Pam trenches from Manuro (Efate Island) and PRB (Tanna Island). 
1) Alveolinella quoii, 2) Amphistegina lessonii, 3) Amphistegina radiata, 4) Anomalinella rostrata, 5) Bolivina doniezi, 6) Calcarina 
mayori, 7) Clavulina difformis, 8–9) Cymbaloporetta bradyi, 10) Elphidium craticulatum, 11–12) Eponides repandus, 13) Heterolepa 
depressa, 14) Homotrema rubra, 15) Marginopora vertebralis, 16) Neorotalia calcar form A 17) Neorotalia calcar form B, 18) 
Operculina philippinensis, 19) Quinqueloculina tantabiddyensis, 20) Peneroplis pertusus, 21) Peneroplis planatus, 22) Nummulites 




   




APPENDIX B – Foraminiferal datasets 
Table A1  
Foraminiferal distribution at Undine Bay (Samples 42, 29, 49, 30) 
Sample ID: 42 29 49 30 
Environment: Beach Beach Beach Beach 
Elevation (m above 
MSL): +0.3 +1.3 -0.2 +0.4 
Species Richness: 17 16 13 20 
Simpson’s 
Diversity 0.28 0.34 0.32 0.19 
Shannon Index 1.92 1.56 1.49 2.17 
Total foraminifera 
in 5 cm3: 111 293 89 112 
Total foraminifera 
in 1 cm3: 22 59 18 22 
FORAMINIFERA: Living Dead Total Living Dead Total Living Dead Total Living Dead Total 
Calcareous species                 
Alliatinella differens 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Alveolinella quoii 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Ammonia spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Amphisorus 
hemprichii 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Amphistegina spp. 0.04 0.00 0.04 0.07 0.00 0.07 0.06 0.00 0.06 0.00 0.00 0.00 
Angulodiscorbis 
pyramidalis 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Anomalinella 
rostrata 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.03 
Ashbrookia ornata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Baculogypsina 
sphaerulata 
0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.02 0.10 0.00 0.10 
Bolivina spathulata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Bolivinellina 
translucens 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Bronnimannia spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Buchnerina milletti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Calcarina mayori 0.50 0.00 0.50 0.55 0.00 0.55 0.44 0.00 0.44 0.39 0.00 0.39 
Caribeanella 
elatensis 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cassidelina spp.  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cibicides spp. 0.04 0.00 0.04 0.01 0.00 0.01 0.01 0.00 0.01 0.02 0.00 0.02 
Colonimilesia 
coronata 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Conorbella spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cornuloculina 
inconstans 
0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
Cornuspira spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Coscinospira 
hemprichii 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cymbaloporetta spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 
Discorinopsis 
aguayoi 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Elphidium spp. 0.03 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.05 
Epistomaroides 
polystomelloides 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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Table A1 (continued) 
Eponides repandus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Miliolinella 
schauinslandi 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Exsculptina 
discrepans 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Fijinonion fijiense 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Fischerinella diversa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Flintina bradyana 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Geminospira bradyi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Globocassidulina 
crassa 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Gyroidina 
lamarckiana 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 
Hanzawaia 
grossepunctata 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Heronallenia laevis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Heterostegina 
depressa 
0.01 0.00 0.01 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 
Homotrema rubra 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Laevidentalina 
filiformis 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Lobatula mayori 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Loxostomina spp.  0.06 0.00 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Marginopora 
vertebralis 
0.09 0.00 0.09 0.14 0.00 0.14 0.34 0.00 0.34 0.11 0.00 0.11 
Miliolinella 
circularis 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Miniacina miniacea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Murrayinella 
murrayi 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.02 
Mychostomina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 
Neoconorbina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 
Neoeponides bradyi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Neorotalia calcar 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.02 
Nonion spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Nonionoides 
grateloupii 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Operculina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Operculinella venosa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pararotalia spp. 0.07 0.01 0.08 0.05 0.00 0.05 0.04 0.00 0.04 0.08 0.00 0.08 
Parasorites 
orbitoloides 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Patellinella spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pavonina 
flabelliformis 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Peneroplis pertusus 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Peneroplis planatus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pileolina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Planispirinella 
involuta 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Planoglabratella 
opercularis 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Planogypsina spp. 0.03 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 
Poroeponides 
lateralis 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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Pseudohauerinella 
spp.  
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 
Pseudomassilina 
spp. 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pseudononion sp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pyrgo denticulata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Quinqueloculina spp. 0.03 0.00 0.03 0.02 0.00 0.02 0.02 0.00 0.02 0.07 0.00 0.07 
Quirimbatina rimosa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Reussella spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Rosalina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 
Rotorbis auberii 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Rugobolivinella 
spinosa 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sagrinella 
convallaria 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Saintclairoides 
toreutus 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sigmamiliolinella 
australis 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Siphogenerina 
raphana 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sorites orbiculus 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.04 
Spiroloculina spp.  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Spirosigmoilina 
bradyi 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Subanomalina sp. 0.03 0.00 0.03 0.05 0.00 0.06 0.01 0.00 0.01 0.00 0.00 0.00 
Triloculina spp. 0.03 0.00 0.03 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 
Vertebralina insignis  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Vertebralina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Virgulopsis spinea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Agglutinated species                 
Clavulina 
multicamerata  
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Textularia spp. 0.00 0.00 0.00 0.07 0.01 0.08 0.03 0.00 0.03 0.01 0.00 0.01 
Trochammina inflata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Planktics 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
                          
TAPHONOMY:                         
Unaltered  0.03   0.05   0.09   0.05  
Corraded  0.86   0.55   0.67   0.78  
Fragmented:  0.11   0.41   0.23   0.17  
rounded  0.81   0.95   0.93   0.74  





 Foraminiferal distribution at Undine Bay (Samples 39, 31, 38, 1) 
Sample ID: 39 31 38 1 
Environment: Beach Beach Beach Mangrove 
Elevation (m above 
MSL): 0.6 1.3 0.8 0.0 
Species Richness: 21 13 28 25 
Simpson’s Diversity 0.17 0.17 0.16 0.14 
Shannon Index 2.35 2.07 2.40 2.45 
Total foraminifera in 
5 cm3: 97 81 388 1024 
Total foraminifera in 
1 cm3: 19 16 78 205 
FORAMINIFERA: Living Dead Total Living Dead Total Living Dead Total Living Dead Total 
Calcareous species                
Alliatinella differens 0.02 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Alveolinella quoii 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 
Ammonia spp. 0.00 0.00 0.00 0.03 0.01 0.04 0.00 0.00 0.00 0.02 0.01 0.03 
Amphisorus 
hemprichii 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 
Amphistegina spp. 0.03 0.00 0.03 0.00 0.00 0.00 0.08 0.00 0.08 0.03 0.00 0.03 
Angulodiscorbis 
pyramidalis 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Anomalinella rostrata 0.00 0.00 0.00 0.01 0.00 0.01 0.01 0.00 0.01 0.00 0.00 0.00 
Ashbrookia ornata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Baculogypsina 
sphaerulata 
0.05 0.00 0.05 0.13 0.00 0.13 0.07 0.00 0.07 0.00 0.00 0.00 
Bolivina spathulata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Bolivinellina 
translucens 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Bronnimannia spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Buchnerina milletti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Calcarina mayori 0.38 0.00 0.38 0.32 0.01 0.34 0.35 0.00 0.35 0.03 0.01 0.03 
Caribeanella 
elatensis 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cassidelina spp.  0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cibicides spp. 0.03 0.00 0.03 0.07 0.00 0.07 0.00 0.00 0.00 0.07 0.00 0.07 
Colonimilesia 
coronata 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Conorbella spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cornuloculina 
inconstans 
0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.02 0.00 0.00 0.00 
Cornuspira spp. 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Coscinospira 
hemprichii 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cymbaloporetta spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.02 0.00 0.03 
Discorinopsis 
aguayoi 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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Elphidium spp. 0.02 0.00 0.02 0.14 0.00 0.14 0.05 0.00 0.05 0.20 0.02 0.22 
Epistomaroides 
polystomelloides 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Eponides repandus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Miliolinella 
schauinslandi 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Exsculptina 
discrepans 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Fijinonion fijiense 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 
Fischerinella diversa 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
Flintina bradyana 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Geminospira bradyi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Globocassidulina 
crassa 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Gyroidina 
lamarckiana 
0.01 0.00 0.01 0.01 0.00 0.01 0.01 0.00 0.01 0.01 0.00 0.01 
Hanzawaia 
grossepunctata 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Heronallenia laevis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Heterostegina 
depressa 
0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 
Homotrema rubra 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Laevidentalina 
filiformis 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 
Lobatula mayori 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Loxostomina spp.  0.04 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Marginopora 
vertebralis 
0.06 0.00 0.06 0.08 0.00 0.08 0.07 0.01 0.07 0.27 0.00 0.27 
Miliolinella circularis 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.04 0.00 0.04 
Miniacina miniacea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Murrayinella murrayi 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Mychostomina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Neoconorbina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Neoeponides bradyi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Neorotalia calcar 0.02 0.00 0.02 0.04 0.00 0.04 0.01 0.00 0.01 0.00 0.00 0.00 
Nonion spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Nonionoides 
grateloupii 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Operculina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Operculinella venosa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pararotalia spp. 0.08 0.00 0.08 0.06 0.01 0.07 0.08 0.00 0.08 0.03 0.00 0.03 
Parasorites 
orbitoloides 
0.00 0.00 0.00 0.01 0.00 0.01 0.01 0.00 0.01 0.04 0.00 0.04 
Patellinella spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 
Pavonina 
flabelliformis 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Peneroplis pertusus 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.04 
Peneroplis planatus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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Pileolina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Planispirinella 
involuta 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Planoglabratella 
opercularis 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Planogypsina spp. 0.03 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Poroeponides 
lateralis 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pseudohauerinella 
spp.  
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pseudomassilina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.01 0.00 0.01 
Pseudononion sp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pyrgo denticulata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Quinqueloculina spp. 0.04 0.00 0.04 0.00 0.00 0.00 0.06 0.00 0.06 0.06 0.00 0.06 
Quirimbatina rimosa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Reussella spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Rosalina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Rotorbis auberii 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Rugobolivinella 
spinosa 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sagrinella 
convallaria 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Saintclairoides 
toreutus 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sigmamiliolinella 
australis 
0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 
Siphogenerina 
raphana 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sorites orbiculus 0.01 0.00 0.01 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 
Spiroloculina spp.  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Spirosigmoilina 
bradyi 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Subanomalina sp. 0.02 0.00 0.02 0.00 0.00 0.00 0.04 0.00 0.04 0.01 0.00 0.01 
Triloculina spp. 0.08 0.00 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 
Vertebralina insignis  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Vertebralina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Virgulopsis spinea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Agglutinated species                
Clavulina 
multicamerata  
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 
Textularia spp. 0.05 0.00 0.05 0.05 0.00 0.05 0.05 0.00 0.05 0.02 0.00 0.02 
Trochammina inflata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 




Table 2A (Continued) 
                          
TAPHONOMY:                       
Unaltered 0.03 0.02 0.05 0.26 
Corraded 0.59 0.63 0.78 0.55 
Fragmented: 0.38 0.34 0.18 0.19 
rounded 0.87 1.00 0.87 0.77 





 Foraminiferal distribution at Undine Bay (Samples 3, 4, 5, 33) 
Sample ID: 3 4 5 33 
Environment: Mangrove Mangrove Mangrove Mangrove 
Elevation (m above 
MSL): 0.0 0.0 0.0 -0.6 
Species Richness: 27 28 24 28 
Simpson’s Diversity 0.10 0.11 0.11 0.10 
Shannon Index 2.73 2.713 2.585 2.643 
Total foraminifera in 5 
cm3: 1343 1542 417 1408 
Total foraminifera in 1 
cm3: 269 308 83 282 
FORAMINIFERA: Living Dead Total Living Dead Total Living Dead Total Living Dead Total 
Calcareous species                
Alliatinella differens 0.00 0.00 0.00 0.02 0.01 0.02 0.00 0.00 0.00 0.00 0.00 0.00 
Alveolinella quoii 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Ammonia spp. 0.03 0.00 0.03 0.03 0.00 0.03 0.02 0.01 0.02 0.03 0.00 0.03 
Amphisorus hemprichii 0.03 0.00 0.03 0.03 0.00 0.03 0.02 0.00 0.02 0.00 0.00 0.00 
Amphistegina spp. 0.03 0.01 0.03 0.02 0.00 0.02 0.03 0.00 0.04 0.02 0.00 0.02 
Angulodiscorbis 
pyramidalis 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Anomalinella rostrata 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 
Ashbrookia ornata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Baculogypsina 
sphaerulata 
0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Bolivina spathulata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Bolivinellina 
translucens 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Bronnimannia spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Buchnerina milletti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Calcarina mayori 0.03 0.01 0.04 0.04 0.00 0.04 0.07 0.00 0.07 0.07 0.00 0.07 
Caribeanella elatensis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cassidelina spp.  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cibicides spp. 0.10 0.00 0.10 0.08 0.00 0.08 0.05 0.01 0.07 0.01 0.00 0.01 
Colonimilesia coronata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Conorbella spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cornuloculina 
inconstans 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cornuspira spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Coscinospira 
hemprichii 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cymbaloporetta spp. 0.04 0.00 0.04 0.03 0.00 0.03 0.02 0.00 0.02 0.02 0.00 0.02 
Discorinopsis aguayoi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Elphidium spp. 0.17 0.02 0.18 0.20 0.00 0.20 0.09 0.01 0.10 0.08 0.00 0.08 
Epistomaroides 
polystomelloides 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.02 
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Eponides repandus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Miliolinella 
schauinslandi 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Exsculptina 
discrepans 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Fijinonion fijiense 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Fischerinella diversa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Flintina bradyana 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Geminospira bradyi 0.02 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Globocassidulina 
crassa 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Gyroidina 
lamarckiana 
0.01 0.00 0.01 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
Hanzawaia 
grossepunctata 
0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.01 0.00 0.01 
Heronallenia laevis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Heterostegina 
depressa 
0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 
Homotrema rubra 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Laevidentalina 
filiformis 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Lobatula mayori 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Loxostomina spp.  0.00 0.00 0.00 0.02 0.01 0.02 0.00 0.00 0.00 0.01 0.00 0.01 
Marginopora 
vertebralis 
0.18 0.00 0.18 0.20 0.00 0.20 0.21 0.02 0.23 0.17 0.00 0.17 
Miliolinella circularis 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 
Miniacina miniacea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Murrayinella murrayi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Mychostomina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Neoconorbina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Neoeponides bradyi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Neorotalia calcar 0.07 0.00 0.07 0.00 0.00 0.00 0.12 0.03 0.15 0.04 0.00 0.04 
Nonion spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Nonionoides 
grateloupii 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Operculina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Operculinella venosa 0.00 0.00 0.00 0.01 0.00 0.01 0.01 0.00 0.01 0.00 0.00 0.00 
Pararotalia spp. 0.02 0.00 0.02 0.02 0.00 0.02 0.01 0.00 0.01 0.05 0.00 0.05 
Parasorites 
orbitoloides 
0.03 0.00 0.04 0.03 0.00 0.03 0.07 0.00 0.08 0.01 0.00 0.01 
Patellinella spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 
Pavonina 
flabelliformis 
0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Peneroplis pertusus 0.07 0.00 0.07 0.07 0.00 0.07 0.01 0.01 0.02 0.08 0.00 0.08 




Table A3 (Continued) 
Pileolina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Planispirinella 
involuta 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Planoglabratella 
opercularis 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Planogypsina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Poroeponides 
lateralis 
0.01 0.00 0.01 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 
Pseudohauerinella 
spp.  
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pseudomassilina spp. 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
Pseudononion sp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pyrgo denticulata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Quinqueloculina spp. 0.05 0.00 0.05 0.05 0.00 0.05 0.03 0.00 0.03 0.21 0.00 0.21 
Quirimbatina rimosa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Reussella spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Rosalina spp. 0.01 0.00 0.01 0.01 0.00 0.01 0.01 0.01 0.02 0.01 0.00 0.01 
Rotorbis auberii 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Rugobolivinella 
spinosa 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sagrinella 
convallaria 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Saintclairoides 
toreutus 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sigmamiliolinella 
australis 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Siphogenerina 
raphana 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sorites orbiculus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 
Spiroloculina spp.  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Spirosigmoilina 
bradyi 
0.00 0.00 0.00 0.02 0.00 0.02 0.06 0.00 0.06 0.00 0.00 0.00 
Subanomalina sp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 
Triloculina spp. 0.01 0.00 0.01 0.03 0.00 0.03 0.01 0.00 0.01 0.05 0.00 0.05 
Vertebralina insignis  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Vertebralina spp. 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.01 0.00 0.01 
Virgulopsis spinea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Agglutinated species                
Clavulina 
multicamerata  
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Textularia spp. 0.01 0.00 0.01 0.01 0.00 0.01 0.01 0.00 0.01 0.00 0.00 0.00 
Trochammina inflata 0.00 0.00 0.00 0.02 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 




Table A3 (Continued) 
                          
TAPHONOMY:                         
Unaltered 0.27 0.30 0.32 0.22 
Corraded 0.52 0.46 0.41 0.44 
Fragmented: 0.21 0.25 0.27 0.34 
rounded 0.83 0.84 0.83 0.77 





Table A4  
Foraminiferal distribution at Undine Bay (Samples 9, 7, 25, 15) 
Sample ID: 9 7 25 15 
Environment: Mangrove Mangrove Reef flat Reef flat 
Elevation (m above 
MSL): 0.0 0.0 -1.4 -1.3 
Species Richness: 47 51 21 19 
Simpson’s Index 0.09 0.07 0.32 0.53 
Shannon Index 2.968 3.212 1.90 1.25 
Total foraminifera in 5 
cm3: 1074 2020 297 620 
Total foraminifera in 1 
cm3: 215 404 59 124 
FORAMINIFERA: Living Dead Total Living Dead Total Living Dead Total Living Dead Total 
Calcareous species                 
Alliatinella differens 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Alveolinella quoii 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Ammonia spp. 0.02 0.01 0.03 0.03 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 
Amphisorus hemprichii 0.02 0.00 0.02 0.02 0.00 0.02 0.01 0.00 0.01 0.00 0.00 0.00 
Amphistegina spp. 0.03 0.00 0.03 0.03 0.00 0.03 0.06 0.02 0.08 0.04 0.00 0.04 
Angulodiscorbis 
pyramidalis 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Anomalinella rostrata 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.01 0.00 0.01 
Ashbrookia ornata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Baculogypsina 
sphaerulata 
0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.02 0.03 0.00 0.03 
Bolivina spathulata 0.01 0.00 0.01 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
Bolivinellina translucens 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Bronnimannia spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Buchnerina milletti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Calcarina mayori 0.01 0.00 0.01 0.01 0.00 0.01 0.53 0.02 0.55 0.72 0.00 0.72 
Caribeanella elatensis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cassidelina spp.  0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
Cibicides spp. 0.18 0.02 0.19 0.09 0.00 0.09 0.03 0.00 0.03 0.01 0.00 0.01 
Colonimilesia coronata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Conorbella spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cornuloculina 
inconstans 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cornuspira spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Coscinospira hemprichii 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cymbaloporetta spp. 0.00 0.00 0.00 0.03 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 
Discorinopsis aguayoi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Elphidium spp. 0.17 0.00 0.17 0.17 0.00 0.17 0.01 0.00 0.01 0.01 0.00 0.01 
Epistomaroides 
polystomelloides 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Eponides repandus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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Miliolinella 
schauinslandi 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Exsculptina discrepans 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Fijinonion fijiense 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Fischerinella diversa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Flintina bradyana 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Geminospira bradyi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Globocassidulina crassa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Gyroidina lamarckiana 0.00 0.00 0.00 0.02 0.00 0.02 0.01 0.00 0.01 0.00 0.00 0.00 
Hanzawaia 
grossepunctata 
0.00 0.02 0.02 0.02 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 
Heronallenia laevis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Heterostegina depressa 0.01 0.00 0.01 0.01 0.00 0.01 0.02 0.00 0.02 0.00 0.00 0.00 
Homotrema rubra 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Laevidentalina filiformis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Lobatula mayori 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Loxostomina spp.  0.01 0.00 0.01 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
Marginopora vertebralis 0.09 0.00 0.09 0.09 0.00 0.09 0.03 0.00 0.03 0.08 0.00 0.08 
Miliolinella circularis 0.01 0.00 0.01 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
Miniacina miniacea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Murrayinella murrayi 0.06 0.00 0.06 0.06 0.00 0.06 0.01 0.00 0.01 0.00 0.00 0.00 
Mychostomina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Neoconorbina spp. 0.01 0.00 0.01 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
Neoeponides bradyi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Neorotalia calcar 0.05 0.00 0.06 0.06 0.00 0.06 0.00 0.00 0.00 0.01 0.00 0.01 
Nonion spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Nonionoides grateloupii 0.03 0.00 0.03 0.03 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 
Operculina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Operculinella venosa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pararotalia spp. 0.00 0.00 0.00 0.02 0.00 0.02 0.02 0.00 0.03 0.00 0.00 0.00 
Parasorites orbitoloides 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Patellinella spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pavonina flabelliformis 0.01 0.00 0.01 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
Peneroplis pertusus 0.03 0.00 0.03 0.04 0.00 0.04 0.00 0.00 0.00 0.00 0.01 0.01 
Peneroplis planatus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pileolina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Planispirinella involuta 0.01 0.00 0.01 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
Planoglabratella 
opercularis 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Planogypsina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.03 0.00 0.00 0.00 
Poroeponides lateralis 0.01 0.00 0.01 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
Pseudohauerinella spp.  0.01 0.00 0.01 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
Pseudomassilina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
 59 
Table A4 (continued) 
Pseudononion sp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pyrgo denticulata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Quinqueloculina spp. 0.06 0.00 0.06 0.07 0.00 0.07 0.05 0.01 0.05 0.02 0.00 0.02 
Quirimbatina rimosa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Reussella spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Rosalina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Rotorbis auberii 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Rugobolivinella spinosa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sagrinella convallaria 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Saintclairoides toreutus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sigmamiliolinella 
australis 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Siphogenerina raphana 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sorites orbiculus 0.01 0.00 0.01 0.00 0.00 0.00 0.02 0.00 0.02 0.01 0.00 0.01 
Spiroloculina spp.  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Spirosigmoilina bradyi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Subanomalina sp. 0.02 0.00 0.02 0.01 0.00 0.01 0.02 0.00 0.02 0.00 0.00 0.00 
Triloculina spp. 0.02 0.00 0.02 0.02 0.00 0.02 0.02 0.00 0.02 0.00 0.00 0.00 
Vertebralina insignis  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Vertebralina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 
Virgulopsis spinea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Agglutinated species                 
Clavulina multicamerata  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Textularia spp. 0.01 0.00 0.01 0.01 0.00 0.01 0.03 0.00 0.03 0.02 0.00 0.02 
Trochammina inflata 0.01 0.00 0.01 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
Planktics 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
                          
TAPHONOMY:                         
Unaltered 0.26 0.43 0.04 0.12 
Corraded 0.49 0.31 0.79 0.79 
Fragmented: 0.25 0.26 0.17 0.09 
rounded 0.74 0.90 0.92 0.90 





Foraminiferal distribution at Undine Bay (Samples 24, 13, 43, 48) 
Sample ID: 24 13 43 48 
Environment: Reef flat Reef flat Reef flat Reef flat 
Elevation (m above 
MSL): -1.0 -0.9 -0.1 -0.2 
Species Richness: 32 27 14 14 
Simpson’s Diversity 0.20 0.33 0.32 0.42 
Shannon Index 0.233 1.92 1.61 1.35 
Total foraminifera in 
5 cm3: 1416 598 240 148 
Total foraminifera in 
1 cm3: 283 120 48 30 
FORAMINIFERA: Living Dead Total Living Dead Total Living Dead Total Living Dead Total 
Calcareous species                
Alliatinella differens 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 
Alveolinella quoii 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Ammonia spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Amphisorus 
hemprichii 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Amphistegina spp. 0.04 0.00 0.04 0.03 0.01 0.04 0.20 0.00 0.20 0.07 0.00 0.07 
Angulodiscorbis 
pyramidalis 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Anomalinella rostrata 0.00 0.00 0.00 0.02 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 
Ashbrookia ornata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Baculogypsina 
sphaerulata 
0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.02 0.00 0.02 
Bolivina spathulata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Bolivinellina 
translucens 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Bronnimannia spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Buchnerina milletti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Calcarina mayori 0.40 0.02 0.41 0.56 0.00 0.56 0.52 0.00 0.52 0.62 0.00 0.62 
Caribeanella 
elatensis 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cassidelina spp.  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cibicides spp. 0.04 0.00 0.04 0.03 0.00 0.03 0.01 0.00 0.01 0.00 0.00 0.00 
Colonimilesia 
coronata 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Conorbella spp. 0.08 0.00 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 
Cornuloculina 
inconstans 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cornuspira spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Coscinospira 
hemprichii 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cymbaloporetta spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Discorinopsis 
aguayoi 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Elphidium spp. 0.01 0.00 0.01 0.01 0.00 0.01 0.00 0.00 0.00 0.02 0.00 0.02 
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0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Eponides repandus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Miliolinella 
schauinslandi 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Exsculptina 
discrepans 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Fijinonion fijiense 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Fischerinella diversa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Flintina bradyana 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Geminospira bradyi 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
Globocassidulina 
crassa 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Gyroidina 
lamarckiana 
0.01 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Hanzawaia 
grossepunctata 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Heronallenia laevis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Heterostegina 
depressa 
0.01 0.00 0.01 0.01 0.00 0.01 0.00 0.00 0.00 0.01 0.00 0.01 
Homotrema rubra 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
Laevidentalina 
filiformis 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Lobatula mayori 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Loxostomina spp.  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Marginopora 
vertebralis 
0.12 0.01 0.13 0.03 0.00 0.03 0.00 0.00 0.00 0.17 0.00 0.17 
Miliolinella circularis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Miniacina miniacea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Murrayinella murrayi 0.05 0.00 0.05 0.01 0.00 0.01 0.04 0.00 0.04 0.01 0.00 0.01 
Mychostomina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Neoconorbina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Neoeponides bradyi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Neorotalia calcar 0.01 0.00 0.01 0.02 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 
Nonion spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Nonionoides 
grateloupii 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Operculina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Operculinella venosa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pararotalia spp. 0.02 0.00 0.02 0.02 0.00 0.02 0.04 0.00 0.04 0.01 0.00 0.01 
Parasorites 
orbitoloides 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Patellinella spp. 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pavonina 
flabelliformis 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 




Table 5A (Continued) 
Peneroplis planatus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pileolina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Planispirinella 
involuta 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Planoglabratella 
opercularis 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Planogypsina spp. 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
Poroeponides 
lateralis 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pseudohauerinella 
spp.  
0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 
Pseudomassilina spp. 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
Pseudononion sp. 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pyrgo denticulata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Quinqueloculina spp. 0.02 0.00 0.02 0.05 0.00 0.05 0.07 0.00 0.07 0.03 0.00 0.03 
Quirimbatina rimosa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Reussella spp. 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Rosalina spp. 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
Rotorbis auberii 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Rugobolivinella 
spinosa 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sagrinella 
convallaria 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Saintclairoides 
toreutus 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sigmamiliolinella 
australis 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Siphogenerina 
raphana 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sorites orbiculus 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 
Spiroloculina spp.  0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Spirosigmoilina 
bradyi 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Subanomalina sp. 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.02 0.02 0.00 0.02 
Triloculina spp. 0.01 0.00 0.01 0.03 0.00 0.03 0.01 0.00 0.01 0.00 0.00 0.00 
Vertebralina insignis  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Vertebralina spp. 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
Virgulopsis spinea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Agglutinated species                
Clavulina 
multicamerata  
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Textularia spp. 0.04 0.00 0.04 0.10 0.00 0.10 0.03 0.01 0.04 0.00 0.00 0.00 
Trochammina inflata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 




Table A5 (Continued) 
Unaltered 0.44 0.45 0.05 0.01 
Corraded 0.46 0.05 0.64 0.76 
Fragmented: 0.10 0.50 0.32 0.23 
rounded 0.89 0.96 1.00 0.94 







Foraminiferal distribution at Undine Bay (Samples 46, 26, 32, 36) 
Sample ID: 46 26 32 36 
Environment: Reef flat Reef flat Reef flat Reef flat 
Elevation (m above 
MSL): -0.3 -2.0 -0.6 -1.2 
Species Richness: 19 15 21 20 
Simpson’s Diversity 0.37 0.35 0.23 0.22 
Shannon Index 1.53 1.63 2.03 2.16 
Total foraminifera in 5 
cm3: 342 39 209 71 
Total foraminifera in 1 
cm3: 68 8 42 14 
FORAMINIFERA: Living Dead Total Living Dead Total Living Dead Total Living Dead 
Tota
l 
Calcareous species                 
Alliatinella differens 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Alveolinella quoii 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Ammonia spp. 0.01 0.00 0.01 0.01 0.00 0.01 0.00 0.00 0.00 0.01 0.00 0.01 
Amphisorus hemprichii 0.00 0.00 0.00 0.02 0.00 0.02 0.01 0.00 0.01 0.00 0.00 0.00 
Amphistegina spp. 0.02 0.00 0.02 0.03 0.00 0.03 0.06 0.00 0.06 0.03 0.00 0.03 
Angulodiscorbis 
pyramidalis 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Anomalinella rostrata 0.01 0.00 0.01 0.00 0.00 0.00 0.03 0.00 0.03 0.01 0.00 0.01 
Ashbrookia ornata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Baculogypsina 
sphaerulata 
0.03 0.00 0.03 0.01 0.00 0.01 0.00 0.00 0.00 0.06 0.00 0.06 
Bolivina spathulata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Bolivinellina 
translucens 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Bronnimannia spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Buchnerina milletti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Calcarina mayori 0.57 0.00 0.57 0.13 0.00 0.13 0.39 0.00 0.39 0.44 0.00 0.44 
Caribeanella elatensis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cassidelina spp.  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cibicides spp. 0.01 0.00 0.01 0.02 0.00 0.02 0.02 0.00 0.03 0.03 0.00 0.03 
Colonimilesia coronata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Conorbella spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.04 
Cornuloculina 
inconstans 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cornuspira spp. 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Coscinospira hemprichii 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cymbaloporetta spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Discorinopsis aguayoi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Elphidium spp. 0.02 0.00 0.02 0.01 0.00 0.01 0.02 0.00 0.02 0.04 0.00 0.04 
Epistomaroides 
polystomelloides 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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Eponides repandus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Miliolinella schauinslandi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Exsculptina discrepans 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Fijinonion fijiense 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Fischerinella diversa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Flintina bradyana 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Geminospira bradyi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Globocassidulina crassa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Gyroidina lamarckiana 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 
Hanzawaia grossepunctata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Heronallenia laevis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Heterostegina depressa 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 
Homotrema rubra 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Laevidentalina filiformis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Lobatula mayori 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Loxostomina spp.  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Marginopora vertebralis 0.22 0.00 0.22 0.56 0.00 0.56 0.24 0.00 0.24 0.07 0.00 0.07 
Miliolinella circularis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Miniacina miniacea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Murrayinella murrayi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Mychostomina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Neoconorbina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Neoeponides bradyi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Neorotalia calcar 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 
Nonion spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Nonionoides grateloupii 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Operculina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Operculinella venosa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pararotalia spp. 0.02 0.00 0.02 0.01 0.00 0.01 0.03 0.00 0.03 0.02 0.00 0.02 
Parasorites orbitoloides 0.00 0.00 0.00 0.03 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 
Patellinella spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pavonina flabelliformis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Peneroplis pertusus 0.01 0.00 0.01 0.02 0.00 0.02 0.01 0.00 0.01 0.01 0.00 0.01 
Peneroplis planatus 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pileolina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Planispirinella involuta 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Planoglabratella opercularis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Planogypsina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 
Poroeponides lateralis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pseudohauerinella spp.  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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Pseudomassilina  spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pseudononion sp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pyrgo denticulata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Quinqueloculina spp. 0.04 0.00 0.04 0.01 0.00 0.01 0.04 0.00 0.04 0.07 0.00 0.07 
Quirimbatina rimosa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 
Reussella spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Rosalina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Rotorbis auberii 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Rugobolivinella spinosa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sagrinella convallaria 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Saintclairoides toreutus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sigmamiliolinella australis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Siphogenerina raphana 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sorites orbiculus 0.02 0.00 0.02 0.03 0.00 0.03 0.03 0.00 0.03 0.01 0.00 0.01 
Spiroloculina spp.  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Spirosigmoilina bradyi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Subanomalina sp. 0.01 0.00 0.01 0.10 0.00 0.10 0.03 0.00 0.03 0.05 0.00 0.05 
Triloculina spp. 0.00 0.00 0.00 0.01 0.00 0.01 0.01 0.00 0.01 0.02 0.00 0.02 
Vertebralina insignis  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Vertebralina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Virgulopsis spinea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Agglutinated species 
                
Clavulina multicamerata  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Textularia spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.03 0.06 0.00 0.06 
Trochammina inflata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Planktics 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
                          
TAPHONOMY:                         
Unaltered 0.07 0.21 0.14 0.07 
Corraded 0.69 0.45 0.42 0.87 
Fragmented: 0.24 0.34 0.44 0.05 
rounded 0.98 0.95 0.99 1.00 





Foraminiferal distribution at Undine Bay (Samples 41, 50, 47, 44) 
Sample ID: 41 50 47 44 
Environment: Reef flat Reef flat Reef flat Reef flat 
Elevation (m above MSL): -0.6 -0.6 -0.6 -0.8 
Species Richness: 16 20 20 21 
Simpson’s Diversity 0.33 0.34 0.32 0.32 
Shannon Index 1.74 1.72 1.83 1.90 
Total foraminifera in 5 
cm3: 334 348 727 590 
Total foraminifera in 1 
cm3: 67 70 145 118 
FORAMINIFERA: Living Dead Total Living Dead Total Living Dead Total Living Dead Total 
Calcareous species                 
Alliatinella differens 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Alveolinella quoii 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Ammonia spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Amphisorus hemprichii 0.00 0.00 0.00 0.07 0.00 0.07 0.00 0.00 0.00 0.00 0.00 0.00 
Amphistegina spp. 0.07 0.00 0.07 0.00 0.00 0.00 0.01 0.00 0.01 0.01 0.01 0.02 
Angulodiscorbis 
pyramidalis 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Anomalinella rostrata 0.01 0.00 0.01 0.01 0.00 0.01 0.01 0.00 0.01 0.00 0.00 0.00 
Ashbrookia ornata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Baculogypsina 
sphaerulata 
0.04 0.00 0.04 0.01 0.00 0.01 0.00 0.00 0.00 0.01 0.01 0.02 
Bolivina spathulata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Bolivinellina translucens 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Bronnimannia spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Buchnerina milletti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Calcarina mayori 0.55 0.00 0.55 0.56 0.00 0.56 0.54 0.00 0.54 0.54 0.00 0.54 
Caribeanella elatensis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cassidelina spp.  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cibicides spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.03 0.01 0.00 0.01 
Colonimilesia coronata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Conorbella spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cornuloculina inconstans 0.02 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cornuspira spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Coscinospira hemprichii 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cymbaloporetta spp. 0.00 0.00 0.00 0.01 0.00 0.01 0.01 0.00 0.01 0.00 0.00 0.00 
Discorinopsis aguayoi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Elphidium spp. 0.02 0.00 0.02 0.01 0.00 0.01 0.06 0.00 0.06 0.00 0.01 0.01 
Epistomaroides 
polystomelloides 
0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 
Eponides repandus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Miliolinella schauinslandi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Exsculptina discrepans 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Fijinonion fijiense 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Fischerinella diversa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Flintina bradyana 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Geminospira bradyi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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Globocassidulina crassa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Gyroidina lamarckiana 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Hanzawaia grossepunctata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Heronallenia laevis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Heterostegina depressa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Homotrema rubra 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 
Laevidentalina filiformis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Lobatula mayori 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Loxostomina spp.  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Marginopora vertebralis 0.10 0.00 0.10 0.09 0.00 0.09 0.11 0.00 0.11 0.16 0.00 0.16 
Miliolinella circularis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Miniacina miniacea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Murrayinella murrayi 0.02 0.00 0.02 0.03 0.00 0.03 0.01 0.00 0.01 0.00 0.00 0.01 
Mychostomina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Neoconorbina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Neoeponides bradyi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Neorotalia calcar 0.01 0.00 0.01 0.01 0.00 0.01 0.01 0.00 0.01 0.00 0.00 0.00 
Nonion spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Nonionoides grateloupii 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Operculina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Operculinella venosa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 
Pararotalia spp. 0.00 0.00 0.00 0.04 0.00 0.04 0.02 0.00 0.02 0.01 0.02 0.03 
Parasorites orbitoloides 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 
Patellinella spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pavonina flabelliformis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Peneroplis pertusus 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.01 0.00 0.02 
Peneroplis planatus 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 
Pileolina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Planispirinella involuta 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Planoglabratella opercularis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Planogypsina spp. 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
Poroeponides lateralis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pseudohauerinella spp.  0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.01 0.01 
Pseudomassilina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pseudononion sp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pyrgo denticulata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Quinqueloculina spp. 0.05 0.00 0.05 0.06 0.00 0.06 0.08 0.00 0.08 0.03 0.02 0.05 
Quirimbatina rimosa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Reussella spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Rosalina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Rotorbis auberii 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Rugobolivinella spinosa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sagrinella convallaria 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Saintclairoides toreutus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sigmamiliolinella australis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Siphogenerina raphana 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 
Sorites orbiculus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Spiroloculina spp.  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Spirosigmoilina bradyi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Subanomalina sp. 0.02 0.00 0.02 0.04 0.00 0.04 0.01 0.00 0.01 0.01 0.01 0.01 
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Triloculina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.01 0.00 0.02 
Vertebralina insignis  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Vertebralina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Virgulopsis spinea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Agglutinated species 
                
Clavulina multicamerata  0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.01 0.01 
Textularia spp. 0.07 0.00 0.07 0.03 0.00 0.03 0.05 0.00 0.05 0.01 0.02 0.03 
Trochammina inflata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Planktics 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
                          
TAPHONOMY:                         
Unaltered 0.01 0.08 0.12 0.16 
Corraded 0.93 0.66 0.61 0.77 
Fragmented: 0.06 0.26 0.27 0.07 
rounded 1.00 0.98 0.97 1.00 





 Foraminiferal distribution at Undine Bay (Samples 40, 57, 34, 58) 
Sample ID: 40 57 34 58 
Environment: Reef flat Reef flat Reef flat Reef flat 
Elevation (m above 
MSL): -0.9 -1.3 -4.9 -1.2 
Species Richness: 20 19 22 20 
Simpson’s Diversity 0.31 0.60 0.31 0.41 
Shannon Index 1.626 1.01 1.805 1.609 
Total foraminifera in 
5 cm3: 311 226 319 1376 
Total foraminifera in 
1 cm3: 62 45 64 275 
FORAMINIFERA: Living Dead Total Living Dead Total Living Dead Total Living Dead Total 
Calcareous species                
Alliatinella differens 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Alveolinella quoii 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Ammonia spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Amphisorus 
hemprichii 
0.04 0.00 0.04 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
Amphistegina spp. 0.03 0.00 0.03 0.01 0.00 0.01 0.08 0.00 0.08 0.02 0.00 0.02 
Angulodiscorbis 
pyramidalis 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Anomalinella 
rostrata 
0.01 0.00 0.01 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
Ashbrookia ornata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Baculogypsina 
sphaerulata 
0.01 0.00 0.01 0.02 0.00 0.02 0.01 0.00 0.01 0.04 0.00 0.04 
Bolivina spathulata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Bolivinellina 
translucens 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Bronnimannia spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Buchnerina milletti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Calcarina mayori 0.31 0.01 0.32 0.76 0.00 0.76 0.53 0.00 0.53 0.63 0.00 0.63 
Caribeanella 
elatensis 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cassidelina spp.  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cibicides spp. 0.00 0.00 0.00 0.01 0.00 0.01 0.01 0.00 0.02 0.04 0.00 0.04 
Colonimilesia 
coronata 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Conorbella spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cornuloculina 
inconstans 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cornuspira spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Coscinospira 
hemprichii 




Table A8 (Continued) 
Cymbaloporetta spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Discorinopsis 
aguayoi 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Elphidium spp. 0.01 0.00 0.01 0.01 0.00 0.01 0.01 0.00 0.01 0.03 0.00 0.03 
Epistomaroides 
polystomelloides 
0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 
Eponides repandus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Miliolinella 
schauinslandi 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Exsculptina 
discrepans 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Fijinonion fijiense 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Fischerinella diversa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Flintina bradyana 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Geminospira bradyi 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Globocassidulina 
crassa 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Gyroidina 
lamarckiana 
0.01 0.00 0.01 0.00 0.00 0.00 0.01 0.00 0.01 0.01 0.00 0.01 
Hanzawaia 
grossepunctata 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Heronallenia laevis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Heterostegina 
depressa 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Homotrema rubra 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Laevidentalina 
filiformis 
0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Lobatula mayori 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Loxostomina spp.  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Marginopora 
vertebralis 
0.43 0.02 0.45 0.12 0.00 0.12 0.09 0.00 0.09 0.03 0.00 0.03 
Miliolinella 
circularis 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Miniacina miniacea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Murrayinella 
murrayi 
0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.07 0.00 0.07 
Mychostomina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Neoconorbina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Neoeponides bradyi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Neorotalia calcar 0.01 0.00 0.01 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 
Nonion spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Nonionoides 
grateloupii 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Operculina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Operculinella venosa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pararotalia spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.04 0.01 0.00 0.01 
Parasorites 
orbitoloides 
0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
Patellinella spp. 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pavonina 
flabelliformis 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Peneroplis pertusus 0.01 0.00 0.01 0.01 0.00 0.01 0.00 0.00 0.00 0.03 0.00 0.03 
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Peneroplis planatus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pileolina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Planispirinella 
involuta 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Planoglabratella 
opercularis 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Planogypsina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Poroeponides 
lateralis 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pseudohauerinella 
spp.  
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pseudomassilina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 
Pseudononion sp. 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pyrgo denticulata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Quinqueloculina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.09 0.00 0.09 0.02 0.00 0.02 
Quirimbatina rimosa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Reussella spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Rosalina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Rotorbis auberii 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Rugobolivinella 
spinosa 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sagrinella 
convallaria 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Saintclairoides 
toreutus 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sigmamiliolinella 
australis 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Siphogenerina 
raphana 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sorites orbiculus 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.01 0.00 0.01 
Spiroloculina spp.  0.00 0.00 0.00 0.02 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 
Spirosigmoilina 
bradyi 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Subanomalina sp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.02 
Triloculina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.01 0.00 0.01 
Vertebralina insignis  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Vertebralina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Virgulopsis spinea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Agglutinated species                
Clavulina 
multicamerata  
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Textularia spp. 0.01 0.00 0.01 0.01 0.00 0.01 0.05 0.00 0.05 0.01 0.00 0.01 
Trochammina inflata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 




Table A8 (Continued) 
                          
TAPHONOMY:                         
Unaltered 0.08 0.05 0.31 0.13 
Corraded 0.43 0.83 0.46 0.81 
Fragmented: 0.49 0.11 0.23 0.06 
rounded 0.98 0.94 0.96 1.00 







 Foraminiferal distribution at Undine Bay (Samples 11, 27, 35, 59) 
Sample ID: 11 27 35 59 
Environment: Reef flat Reef flat Reef crest Reef crest 
Elevation (m above 
MSL): -2.3 -1.5 -0.5 -0.8 
Species Richness: 36 26 31 30 
Simpson’s Diversity 0.06 0.09 0.14 0.12 
Shannon Index 3.13 2.79 2.522 2.61 
Total foraminifera in 5 
cm3: 3022 257 1213 1204 
Total foraminifera in 1 
cm3: 604 51 243 241 
FORAMINIFERA: Living Dead Total Living Dead Total Living Dead Total Living Dead Total 
Calcareous species                 
Alliatinella differens 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 
Alveolinella quoii 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Ammonia spp. 0.01 0.00 0.01 0.01 0.00 0.01 0.01 0.00 0.01 0.00 0.00 0.00 
Amphisorus hemprichii 0.00 0.00 0.00 0.03 0.02 0.05 0.00 0.00 0.00 0.00 0.00 0.00 
Amphistegina spp. 0.01 0.00 0.01 0.03 0.01 0.04 0.01 0.00 0.01 0.02 0.00 0.02 
Angulodiscorbis 
pyramidalis 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Anomalinella rostrata 0.01 0.00 0.01 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 
Ashbrookia ornata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Baculogypsina 
sphaerulata 
0.00 0.00 0.00 0.01 0.00 0.01 0.01 0.00 0.01 0.03 0.00 0.03 
Bolivina spathulata 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.02 0.00 0.00 0.00 
Bolivinellina 
translucens 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Bronnimannia spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Buchnerina milletti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Calcarina mayori 0.13 0.00 0.13 0.19 0.02 0.20 0.32 0.00 0.32 0.27 0.00 0.27 
Caribeanella elatensis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cassidelina spp.  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cibicides spp. 0.05 0.00 0.05 0.04 0.01 0.04 0.01 0.00 0.01 0.14 0.00 0.14 
Colonimilesia coronata 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
Conorbella spp. 0.02 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cornuloculina 
inconstans 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cornuspira spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Coscinospira hemprichii 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cymbaloporetta spp. 0.01 0.00 0.01 0.00 0.01 0.01 0.01 0.00 0.01 0.02 0.00 0.02 
Discorinopsis aguayoi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Elphidium spp. 0.04 0.00 0.04 0.03 0.00 0.03 0.08 0.00 0.08 0.02 0.00 0.02 
Epistomaroides 
polystomelloides 
0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.01 0.00 0.01 
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Eponides repandus 0.01 0.00 0.02 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 
Miliolinella schauinslandi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Exsculptina discrepans 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Fijinonion fijiense 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Fischerinella diversa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Flintina bradyana 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Geminospira bradyi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Globocassidulina crassa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Gyroidina lamarckiana 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.00 0.01 0.00 0.01 
Hanzawaia grossepunctata 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.02 0.00 0.02 
Heronallenia laevis 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Heterostegina depressa 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.02 0.01 0.00 0.01 
Homotrema rubra 0.03 0.00 0.03 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
Laevidentalina filiformis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Lobatula mayori 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Loxostomina spp.  0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.01 0.00 0.01 
Marginopora vertebralis 0.02 0.00 0.02 0.11 0.00 0.11 0.08 0.00 0.08 0.07 0.00 0.07 
Miliolinella circularis 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Miniacina miniacea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Murrayinella murrayi 0.00 0.00 0.00 0.01 0.00 0.01 0.01 0.00 0.01 0.01 0.00 0.01 
Mychostomina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Neoconorbina spp. 0.01 0.00 0.01 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 
Neoeponides bradyi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Neorotalia calcar 0.00 0.00 0.00 0.04 0.01 0.05 0.03 0.00 0.03 0.10 0.00 0.10 
Nonion spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Nonionoides grateloupii 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Operculina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Operculinella venosa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pararotalia spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.02 0.02 0.00 0.02 
Parasorites orbitoloides 0.00 0.00 0.00 0.03 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 
Patellinella spp. 0.09 0.00 0.09 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pavonina flabelliformis 0.01 0.00 0.01 0.02 0.00 0.02 0.01 0.00 0.01 0.01 0.00 0.01 
Peneroplis pertusus 0.05 0.00 0.05 0.04 0.01 0.04 0.07 0.00 0.07 0.02 0.00 0.02 
Peneroplis planatus 0.02 0.00 0.02 0.00 0.00 0.00 0.02 0.00 0.02 0.00 0.00 0.00 
Pileolina spp. 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Planispirinella involuta 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Planoglabratella opercularis 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
Planogypsina spp. 0.04 0.00 0.04 0.01 0.00 0.01 0.00 0.00 0.00 0.01 0.00 0.01 
Poroeponides lateralis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pseudohauerinella spp.  0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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Pseudomassilina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 
Pseudononion sp. 0.00 0.00 0.00 0.03 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 
Pyrgo denticulata 0.00 0.00 0.00 0.02 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 
Quinqueloculina spp. 0.12 0.00 0.12 0.00 0.00 0.00 0.13 0.02 0.14 0.09 0.00 0.09 
Quirimbatina rimosa 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
Reussella spp. 0.01 0.00 0.01 0.03 0.01 0.03 0.00 0.00 0.00 0.00 0.00 0.00 
Rosalina spp. 0.07 0.01 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 
Rotorbis auberii 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Rugobolivinella spinosa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sagrinella convallaria 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.03 0.00 0.00 0.00 
Saintclairoides toreutus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sigmamiliolinella australis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Siphogenerina raphana 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 
Sorites orbiculus 0.02 0.00 0.02 0.01 0.00 0.01 0.01 0.00 0.01 0.01 0.00 0.01 
Spiroloculina spp.  0.00 0.00 0.00 0.06 0.02 0.07 0.00 0.00 0.00 0.01 0.00 0.01 
Spirosigmoilina bradyi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Subanomalina sp. 0.02 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.02 
Triloculina spp. 0.01 0.00 0.01 0.00 0.00 0.00 0.04 0.00 0.04 0.03 0.00 0.03 
Vertebralina insignis  0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
Vertebralina spp. 0.02 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Virgulopsis spinea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Agglutinated species 
                
Clavulina multicamerata  0.01 0.00 0.01 0.00 0.00 0.00 0.01 0.00 0.01 0.01 0.00 0.01 
Textularia spp. 0.04 0.00 0.04 0.11 0.01 0.12 0.00 0.00 0.00 0.02 0.00 0.02 
Trochammina inflata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Planktics 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
                          
TAPHONOMY:                         
Unaltered 0.47 0.37 0.47 0.28 
Corraded 0.38 0.53 0.39 0.55 
Fragmented: 0.15 0.10 0.15 0.17 
rounded 0.68 0.28 0.82 0.93 





 Foraminiferal distribution at Undine Bay (Samples 8, 53, 51, 52) 
Sample ID: 8 53 51 52 
Environment: Reef crest Reef crest Reef crest Reef crest 
Elevation (m above MSL): -1.6 -1.6 -1.5 -1.3 
Species Richness: 33 32 21 28 
Simpson’s Diversity 0.07 0.09 0.14 0.11 
Shannon Index 2.95 2.82 2.36 2.52 
Total foraminifera in 5 
cm3: 1616 1070 1265 1204 
Total foraminifera in 1 
cm3: 323 214 253 241 
FORAMINIFERA: Living Dead Total Living Dead Total Living Dead Total Living Dead Total 
Calcareous species                 
Alliatinella differens 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Alveolinella quoii 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Ammonia spp. 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Amphisorus hemprichii 0.06 0.00 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Amphistegina spp. 0.05 0.00 0.05 0.02 0.00 0.02 0.02 0.00 0.02 0.01 0.00 0.01 
Angulodiscorbis 
pyramidalis 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Anomalinella rostrata 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.01 
Ashbrookia ornata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Baculogypsina 
sphaerulata 
0.00 0.00 0.00 0.01 0.00 0.01 0.01 0.00 0.01 0.00 0.00 0.00 
Bolivina spathulata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Bolivinellina translucens 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Bronnimannia spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Buchnerina milletti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Calcarina mayori 0.00 0.00 0.00 0.20 0.00 0.20 0.27 0.00 0.27 0.18 0.00 0.18 
Caribeanella elatensis 0.06 0.00 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cassidelina spp.  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cibicides spp. 0.08 0.00 0.08 0.12 0.00 0.12 0.13 0.00 0.13 0.19 0.00 0.19 
Colonimilesia coronata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Conorbella spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cornuloculina inconstans 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cornuspira spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Coscinospira hemprichii 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cymbaloporetta spp. 0.02 0.00 0.02 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
Discorinopsis aguayoi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Elphidium spp. 0.09 0.00 0.09 0.04 0.00 0.04 0.01 0.00 0.01 0.04 0.00 0.04 
Epistomaroides 
polystomelloides 
0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
Eponides repandus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Miliolinella schauinslandi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Exsculptina discrepans 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Fijinonion fijiense 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Fischerinella diversa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Flintina bradyana 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Geminospira bradyi 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 
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Globocassidulina crassa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Gyroidina lamarckiana 0.08 0.00 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 
Hanzawaia grossepunctata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Heronallenia laevis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Heterostegina depressa 0.04 0.00 0.05 0.02 0.00 0.02 0.02 0.00 0.02 0.01 0.00 0.01 
Homotrema rubra 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Laevidentalina filiformis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 
Lobatula mayori 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Loxostomina spp.  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Marginopora vertebralis 0.00 0.00 0.00 0.07 0.00 0.07 0.11 0.00 0.11 0.08 0.00 0.08 
Miliolinella circularis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Miniacina miniacea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Murrayinella murrayi 0.00 0.00 0.00 0.06 0.00 0.06 0.04 0.00 0.04 0.11 0.00 0.11 
Mychostomina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Neoconorbina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 
Neoeponides bradyi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Neorotalia calcar 0.06 0.00 0.06 0.10 0.00 0.10 0.12 0.00 0.12 0.14 0.00 0.14 
Nonion spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Nonionoides grateloupii 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Operculina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Operculinella venosa 0.00 0.00 0.00 0.02 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 
Pararotalia spp. 0.01 0.00 0.01 0.02 0.00 0.02 0.01 0.00 0.01 0.00 0.00 0.00 
Parasorites orbitoloides 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Patellinella spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 
Pavonina flabelliformis 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
Peneroplis pertusus 0.10 0.00 0.10 0.04 0.00 0.04 0.05 0.00 0.05 0.02 0.00 0.02 
Peneroplis planatus 0.00 0.00 0.00 0.04 0.00 0.04 0.05 0.00 0.05 0.00 0.00 0.00 
Pileolina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Planispirinella involuta 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Planoglabratella opercularis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Planogypsina spp. 0.00 0.00 0.00 0.02 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 
Poroeponides lateralis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pseudohauerinella spp.  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pseudomassilina spp. 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
Pseudononion sp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pyrgo denticulata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Quinqueloculina spp. 0.11 0.00 0.11 0.08 0.00 0.08 0.10 0.00 0.10 0.06 0.01 0.07 
Quirimbatina rimosa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Reussella spp. 0.01 0.00 0.01 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
Rosalina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 
Rotorbis auberii 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Rugobolivinella spinosa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sagrinella convallaria 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Saintclairoides toreutus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sigmamiliolinella australis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Siphogenerina raphana 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sorites orbiculus 0.01 0.00 0.01 0.01 0.00 0.01 0.01 0.00 0.01 0.01 0.00 0.01 
Spiroloculina spp.  0.01 0.00 0.01 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
Spirosigmoilina bradyi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 
Subanomalina sp. 0.04 0.00 0.04 0.03 0.00 0.03 0.02 0.00 0.02 0.01 0.00 0.01 
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Triloculina spp. 0.02 0.00 0.02 0.01 0.00 0.01 0.00 0.00 0.00 0.02 0.00 0.02 
Vertebralina insignis  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Vertebralina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Virgulopsis spinea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Agglutinated species 
                
Clavulina multicamerata  0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
Textularia spp. 0.03 0.00 0.03 0.02 0.00 0.02 0.01 0.00 0.01 0.01 0.00 0.01 
Trochammina inflata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Planktics 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
                          
TAPHONOMY:                         
Unaltered 0.39 0.35 0.39 0.35 
Corraded 0.40 0.47 0.47 0.47 
Fragmented: 0.22 0.18 0.14 0.18 
rounded 0.99 0.90 0.86 0.90 





Foraminiferal distribution at Undine Bay (Samples 40, 57, 34, 58) 
Sample ID: 12 10 28 20 
Environment: Reef crest Reef crest Forereef Forereef 
Elevation (m above 
MSL): -6.8 -0.2 -4.8 -4.5 
Species Richness: 42 27 37 46 
Simpson’s Diversity 0.05 0.11 0.06 0.04 
Shannon Index 3.27 2.56 3.09 3.38 
Total foraminifera in 5 
cm3: 799 1704 1320 1103 
Total foraminifera in 1 
cm3: 160 341 264 221 
FORAMINIFERA: Living Dead Total Living Dead Total Living Dead Total Living Dead Total 
Calcareous species                
Alliatinella differens 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Alveolinella quoii 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Ammonia spp. 0.02 0.00 0.02 0.00 0.00 0.00 0.02 0.00 0.02 0.05 0.00 0.05 
Amphisorus hemprichii 0.05 0.02 0.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Amphistegina spp. 0.03 0.00 0.03 0.03 0.00 0.03 0.02 0.00 0.02 0.06 0.00 0.06 
Angulodiscorbis 
pyramidalis 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Anomalinella rostrata 0.02 0.01 0.03 0.00 0.00 0.00 0.01 0.00 0.01 0.01 0.00 0.01 
Ashbrookia ornata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Baculogypsina 
sphaerulata 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Bolivina spathulata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Bolivinellina 
translucens 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Bronnimannia spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 
Buchnerina milletti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Calcarina mayori 0.04 0.03 0.07 0.14 0.00 0.14 0.02 0.00 0.02 0.07 0.00 0.07 
Caribeanella elatensis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 
Cassidelina spp.  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cibicides spp. 0.04 0.01 0.06 0.03 0.00 0.03 0.07 0.00 0.07 0.05 0.00 0.05 
Colonimilesia coronata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Conorbella spp. 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cornuloculina 
inconstans 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.02 
Cornuspira spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Coscinospira hemprichii 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cymbaloporetta spp. 0.01 0.01 0.02 0.02 0.00 0.02 0.03 0.00 0.03 0.05 0.00 0.05 
Discorinopsis aguayoi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.02 
Elphidium spp. 0.04 0.01 0.04 0.07 0.00 0.07 0.08 0.00 0.08 0.00 0.00 0.00 
Epistomaroides 
polystomelloides 
0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.05 0.00 0.05 
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Eponides repandus 0.02 0.00 0.02 0.00 0.00 0.00 0.06 0.00 0.06 0.02 0.00 0.02 
Miliolinella 
schauinslandi 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 
Exsculptina discrepans 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Fijinonion fijiense 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Fischerinella diversa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Flintina bradyana 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Geminospira bradyi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Globocassidulina crassa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Gyroidina lamarckiana 0.05 0.01 0.06 0.00 0.00 0.00 0.11 0.00 0.11 0.06 0.00 0.06 
Hanzawaia 
grossepunctata 
0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 
Heronallenia laevis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Heterostegina depressa 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.00 
Homotrema rubra 0.01 0.00 0.01 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 
Laevidentalina filiformis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Lobatula mayori 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 
Loxostomina spp.  0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.02 
Marginopora vertebralis 0.00 0.00 0.00 0.18 0.00 0.18 0.01 0.00 0.01 0.01 0.00 0.01 
Miliolinella circularis 0.03 0.01 0.04 0.01 0.00 0.01 0.01 0.00 0.01 0.06 0.00 0.06 
Miniacina miniacea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Murrayinella murrayi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Mychostomina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Neoconorbina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.02 
Neoeponides bradyi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 
Neorotalia calcar 0.03 0.00 0.03 0.14 0.00 0.14 0.06 0.00 0.06 0.01 0.00 0.01 
Nonion spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Nonionoides grateloupii 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Operculina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Operculinella venosa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pararotalia spp. 0.02 0.00 0.02 0.01 0.00 0.01 0.03 0.00 0.03 0.06 0.00 0.06 
Parasorites orbitoloides 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Patellinella spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pavonina flabelliformis 0.00 0.00 0.00 0.02 0.00 0.02 0.01 0.00 0.01 0.00 0.00 0.00 
Peneroplis pertusus 0.04 0.03 0.07 0.12 0.00 0.12 0.07 0.00 0.07 0.02 0.00 0.02 
Peneroplis planatus 0.00 0.00 0.00 0.08 0.00 0.08 0.00 0.00 0.00 0.00 0.00 0.00 
Pileolina spp. 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Planispirinella involuta 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Planoglabratella 
opercularis 
0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Planogypsina spp. 0.00 0.00 0.00 0.01 0.00 0.01 0.01 0.00 0.01 0.02 0.00 0.02 
Poroeponides lateralis 0.01 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 
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Pseudohauerinella spp.  0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.02 0.01 0.00 0.01 
Pseudomassilina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pseudononion sp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.03 
Pyrgo denticulata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Quinqueloculina spp. 0.07 0.00 0.07 0.00 0.00 0.00 0.14 0.00 0.14 0.01 0.00 0.01 
Quirimbatina rimosa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Reussella spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 
Rosalina spp. 0.02 0.01 0.03 0.00 0.00 0.00 0.02 0.00 0.02 0.05 0.00 0.05 
Rotorbis auberii 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Rugobolivinella spinosa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sagrinella convallaria 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 
Saintclairoides toreutus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sigmamiliolinella 
australis 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Siphogenerina raphana 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 
Sorites orbiculus 0.01 0.01 0.01 0.01 0.00 0.01 0.02 0.00 0.02 0.02 0.00 0.02 
Spiroloculina spp.  0.01 0.02 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 
Spirosigmoilina bradyi 0.03 0.01 0.04 0.00 0.00 0.00 0.02 0.00 0.02 0.00 0.00 0.00 
Subanomalina sp. 0.01 0.00 0.01 0.01 0.00 0.01 0.03 0.00 0.03 0.02 0.00 0.02 
Triloculina spp. 0.08 0.01 0.08 0.02 0.00 0.02 0.03 0.00 0.03 0.08 0.00 0.08 
Vertebralina insignis  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Vertebralina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 
Virgulopsis spinea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.03 
Agglutinated species 
               
Clavulina multicamerata  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Textularia spp. 0.02 0.02 0.04 0.04 0.00 0.04 0.03 0.00 0.04 0.01 0.00 0.01 
Trochammina inflata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Planktics 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
                          
TAPHONOMY:                         
Unaltered 0.41 0.02 0.76 0.67 
Corraded 0.49 0.68 0.09 0.20 
Fragmented: 0.10 0.29 0.15 0.13 
rounded 0.82 0.96 0.70 0.74 





Foraminiferal distribution at Undine Bay (Samples 55, 17, 22, 21) 
Sample ID: 55 17 22 21 
Environment: Forereef Forereef Forereef Forereef 
Elevation (m above 
MSL): -14.6 -16.9 -23.2 -23.5 
Species Richness: 53 33 31 41 
Simpson’s Diversity 0.05 0.06 0.08 0.13 
Shannon Index 3.42 3.08 2.92 2.79 
Total foraminifera in 5 
cm3: 5632 2790 1620 3245 
Total foraminifera in 1 
cm3: 1126 558 324 649 
FORAMINIFERA: Living Dead Total Living Dead Total Living Dead Total Living Dead Total 
Calcareous species                 
Alliatinella differens 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
Alveolinella quoii 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Ammonia spp. 0.02 0.00 0.02 0.07 0.01 0.08 0.04 0.00 0.04 0.04 0.00 0.04 
Amphisorus hemprichii 0.01 0.00 0.01 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 
Amphistegina spp. 0.11 0.00 0.11 0.02 0.00 0.02 0.07 0.01 0.09 0.01 0.00 0.01 
Angulodiscorbis 
pyramidalis 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Anomalinella rostrata 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Ashbrookia ornata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Baculogypsina 
sphaerulata 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Bolivina spathulata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 
Bolivinellina 
translucens 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Bronnimannia spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Buchnerina milletti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Calcarina mayori 0.09 0.00 0.09 0.02 0.00 0.02 0.00 0.00 0.00 0.01 0.00 0.01 
Caribeanella elatensis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cassidelina spp.  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 
Cibicides spp. 0.02 0.00 0.02 0.00 0.00 0.00 0.04 0.00 0.04 0.01 0.00 0.01 
Colonimilesia coronata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Conorbella spp. 0.01 0.00 0.01 0.00 0.00 0.00 0.03 0.01 0.03 0.00 0.00 0.00 
Cornuloculina 
inconstans 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cornuspira spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Coscinospira hemprichii 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cymbaloporetta spp. 0.00 0.00 0.00 0.02 0.00 0.02 0.04 0.00 0.04 0.01 0.00 0.01 
Discorinopsis aguayoi 0.02 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 
Elphidium spp. 0.03 0.00 0.03 0.09 0.00 0.09 0.01 0.00 0.01 0.01 0.00 0.01 
Epistomaroides 
polystomelloides 
0.02 0.00 0.02 0.00 0.00 0.00 0.02 0.00 0.02 0.02 0.00 0.02 
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Eponides repandus 0.01 0.00 0.01 0.01 0.00 0.01 0.00 0.00 0.00 0.01 0.00 0.01 
Miliolinella schauinslandi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Exsculptina discrepans 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.02 0.00 0.00 0.00 
Fijinonion fijiense 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Fischerinella diversa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Flintina bradyana 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Geminospira bradyi 0.01 0.00 0.01 0.01 0.00 0.02 0.05 0.00 0.05 0.02 0.00 0.02 
Globocassidulina crassa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Gyroidina lamarckiana 0.01 0.00 0.01 0.02 0.01 0.03 0.01 0.00 0.01 0.01 0.00 0.01 
Hanzawaia grossepunctata 0.01 0.00 0.01 0.03 0.00 0.04 0.03 0.00 0.03 0.02 0.00 0.02 
Heronallenia laevis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Heterostegina depressa 0.01 0.00 0.01 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
Homotrema rubra 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Laevidentalina filiformis 0.01 0.00 0.01 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
Lobatula mayori 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Loxostomina spp.  0.01 0.00 0.01 0.01 0.00 0.01 0.03 0.00 0.03 0.03 0.00 0.03 
Marginopora vertebralis 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 
Miliolinella circularis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 
Miniacina miniacea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Murrayinella murrayi 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Mychostomina spp. 0.03 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Neoconorbina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Neoeponides bradyi 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
Neorotalia calcar 0.03 0.00 0.03 0.05 0.00 0.05 0.03 0.00 0.03 0.01 0.00 0.01 
Nonion spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.00 0.07 0.03 0.00 0.03 
Nonionoides grateloupii 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Operculina spp. 0.05 0.00 0.06 0.06 0.00 0.06 0.00 0.00 0.01 0.00 0.00 0.01 
Operculinella venosa 0.03 0.01 0.04 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
Pararotalia spp. 0.04 0.00 0.04 0.07 0.00 0.07 0.07 0.01 0.08 0.05 0.00 0.05 
Parasorites orbitoloides 0.00 0.00 0.00 0.05 0.00 0.05 0.01 0.00 0.01 0.00 0.00 0.00 
Patellinella spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 
Pavonina flabelliformis 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.02 0.00 0.00 0.00 
Peneroplis pertusus 0.02 0.00 0.02 0.01 0.00 0.01 0.02 0.00 0.02 0.00 0.00 0.00 
Peneroplis planatus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pileolina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Planispirinella involuta 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Planoglabratella opercularis 0.00 0.00 0.00 0.03 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 
Planogypsina spp. 0.02 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.02 
Poroeponides lateralis 0.01 0.00 0.01 0.04 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00 
Pseudohauerinella spp.  0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 
 85 
Table A12 (continued) 
Pseudomassilina spp. 0.02 0.00 0.02 0.02 0.00 0.02 0.01 0.00 0.01 0.01 0.00 0.01 
Pseudononion sp. 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pyrgo denticulata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Quinqueloculina spp. 0.10 0.00 0.10 0.15 0.00 0.15 0.18 0.00 0.18 0.32 0.00 0.32 
Quirimbatina rimosa 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
Reussella spp. 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 
Rosalina spp. 0.03 0.01 0.04 0.04 0.00 0.04 0.11 0.00 0.11 0.09 0.00 0.09 
Rotorbis auberii 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Rugobolivinella spinosa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sagrinella convallaria 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Saintclairoides toreutus 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 
Sigmamiliolinella australis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Siphogenerina raphana 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sorites orbiculus 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Spiroloculina spp.  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 
Spirosigmoilina bradyi 0.00 0.00 0.00 0.02 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 
Subanomalina sp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Triloculina spp. 0.02 0.00 0.02 0.05 0.00 0.05 0.00 0.00 0.00 0.07 0.00 0.07 
Vertebralina insignis  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Vertebralina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.02 
Virgulopsis spinea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Agglutinated species 
                
Clavulina multicamerata  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Textularia spp. 0.04 0.00 0.04 0.00 0.00 0.00 0.04 0.00 0.04 0.01 0.00 0.01 
Trochammina inflata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Planktics 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.00 0.07 
                          
TAPHONOMY:                         
Unaltered 0.48 0.56 0.63 0.68 
Corraded 0.29 0.35 0.28 0.25 
Fragmented: 0.23 0.09 0.10 0.06 
rounded 0.93 0.92 0.81 0.61 




Table A13  
Foraminiferal distribution at Undine Bay (Samples 16, 54, 14, 18) 
Sample ID: 16 54 14 18 
Environment: Forereef Forereef Open bay Open bay 
Elevation (m above 
MSL): -24.1 -4.5 -19.4 -11.6 
Species Richness: 36 51 34 38 
Simpson’s Diversity 0.07 0.09 0.09 0.09 
Shannon Index 3.12 3.13 2.83 3.00 
Total foraminifera in 5 
cm3: 3291 2547 3730 2865 
Total foraminifera in 1 
cm3: 658 509 746 573 
FORAMINIFERA: Living Dead Total Living Dead Total Living Dead Total Living Dead Total 
Calcareous species                 
Alliatinella differens 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Alveolinella quoii 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.02 0.00 0.00 0.00 
Ammonia spp. 0.00 0.00 0.00 0.01 0.00 0.01 0.01 0.00 0.01 0.00 0.00 0.00 
Amphisorus hemprichii 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.02 
Amphistegina spp. 0.05 0.00 0.05 0.02 0.00 0.02 0.18 0.01 0.19 0.11 0.01 0.12 
Angulodiscorbis 
pyramidalis 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Anomalinella rostrata 0.02 0.00 0.02 0.01 0.00 0.01 0.02 0.00 0.02 0.01 0.01 0.02 
Ashbrookia ornata 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 
Baculogypsina 
sphaerulata 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Bolivina spathulata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Bolivinellina 
translucens 
0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
Bronnimannia spp. 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
Buchnerina milletti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Calcarina mayori 0.08 0.00 0.08 0.11 0.00 0.11 0.05 0.00 0.05 0.02 0.01 0.03 
Caribeanella elatensis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cassidelina spp.  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cibicides spp. 0.02 0.00 0.02 0.02 0.00 0.02 0.02 0.00 0.02 0.03 0.00 0.03 
Colonimilesia coronata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Conorbella spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cornuloculina 
inconstans 
0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
Cornuspira spp. 0.01 0.00 0.01 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
Coscinospira hemprichii 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cymbaloporetta spp. 0.03 0.00 0.03 0.02 0.00 0.02 0.04 0.00 0.04 0.03 0.00 0.03 
Discorinopsis aguayoi 0.01 0.00 0.01 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
Elphidium spp. 0.00 0.00 0.00 0.04 0.00 0.04 0.01 0.00 0.01 0.01 0.00 0.01 
Epistomaroides 
polystomelloides 
0.04 0.00 0.04 0.03 0.00 0.03 0.00 0.00 0.00 0.03 0.00 0.03 
Eponides repandus 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Miliolinella 
schauinslandi 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Exsculptina discrepans 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Fijinonion fijiense 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Fischerinella diversa 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
Flintina bradyana 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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Geminospira bradyi 0.02 0.00 0.02 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 
Globocassidulina crassa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Gyroidina lamarckiana 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
Hanzawaia 
grossepunctata 
0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
Heronallenia laevis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Heterostegina depressa 0.00 0.00 0.00 0.01 0.00 0.01 0.01 0.00 0.01 0.02 0.00 0.02 
Homotrema rubra 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 
Laevidentalina filiformis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Lobatula mayori 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
Loxostomina spp.  0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.04 
Marginopora vertebralis 0.04 0.00 0.04 0.01 0.00 0.01 0.03 0.00 0.03 0.00 0.00 0.00 
Miliolinella circularis 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
Miniacina miniacea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Murrayinella murrayi 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.03 0.00 0.03 
Mychostomina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Neoconorbina spp. 0.00 0.00 0.00 0.02 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 
Neoeponides bradyi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Neorotalia calcar 0.07 0.00 0.07 0.02 0.00 0.02 0.04 0.00 0.04 0.02 0.00 0.02 
Nonion spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Nonionoides grateloupii 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Operculina spp. 0.05 0.00 0.05 0.00 0.00 0.00 0.10 0.00 0.10 0.03 0.00 0.04 
Operculinella venosa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 
Pararotalia spp. 0.02 0.00 0.02 0.02 0.00 0.02 0.01 0.00 0.01 0.02 0.00 0.02 
Parasorites orbitoloides 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
Patellinella spp. 0.01 0.00 0.01 0.01 0.00 0.01 0.00 0.00 0.00 0.01 0.00 0.01 
Pavonina flabelliformis 0.01 0.00 0.01 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 
Peneroplis pertusus 0.00 0.01 0.02 0.02 0.00 0.02 0.01 0.00 0.01 0.01 0.00 0.01 
Peneroplis planatus 0.01 0.00 0.01 0.02 0.00 0.02 0.00 0.00 0.00 0.01 0.00 0.01 
Pileolina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Planispirinella involuta 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Planoglabratella 
opercularis 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Planogypsina spp. 0.00 0.00 0.00 0.01 0.00 0.01 0.01 0.00 0.01 0.03 0.00 0.03 
Poroeponides lateralis 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pseudohauerinella spp.  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pseudomassilina spp. 0.00 0.00 0.00 0.04 0.00 0.04 0.01 0.00 0.01 0.00 0.00 0.00 
Pseudononion sp. 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.01 0.00 0.01 
Pyrgo denticulata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Quinqueloculina spp. 0.18 0.00 0.18 0.25 0.00 0.25 0.11 0.00 0.11 0.18 0.05 0.23 
Quirimbatina rimosa 0.00 0.00 0.00 0.02 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 
Reussella spp. 0.05 0.01 0.06 0.00 0.00 0.00 0.04 0.00 0.04 0.05 0.00 0.05 
Rosalina spp. 0.01 0.00 0.01 0.03 0.00 0.03 0.01 0.00 0.01 0.04 0.00 0.04 
Rotorbis auberii 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Rugobolivinella spinosa 0.02 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sagrinella convallaria 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
Saintclairoides toreutus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sigmamiliolinella 
australis 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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Siphogenerina raphana 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 
Sorites orbiculus 0.04 0.00 0.05 0.01 0.00 0.01 0.09 0.00 0.09 0.03 0.01 0.04 
Spiroloculina spp.  0.00 0.01 0.01 0.01 0.00 0.01 0.00 0.00 0.00 0.01 0.00 0.01 
Spirosigmoilina bradyi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Subanomalina sp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Triloculina spp. 0.00 0.03 0.03 0.01 0.00 0.01 0.02 0.00 0.02 0.01 0.00 0.01 
Vertebralina insignis  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Vertebralina spp. 0.00 0.01 0.01 0.06 0.00 0.06 0.01 0.00 0.01 0.00 0.00 0.00 
Virgulopsis spinea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Agglutinated species 
                
Clavulina multicamerata  0.01 0.00 0.01 0.02 0.00 0.02 0.00 0.00 0.00 0.01 0.00 0.01 
Textularia spp. 0.00 0.07 0.07 0.03 0.00 0.03 0.10 0.00 0.10 0.04 0.00 0.04 
Trochammina inflata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Planktics 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
                          
TAPHONOMY:                         
Unaltered 0.75 0.57 0.63 0.53 
Corraded 0.19 0.24 0.32 0.37 
Fragmented: 0.07 0.19 0.05 0.10 
rounded 0.62 0.69 0.80 0.88 





Foraminiferal distribution at Undine Bay (Sample 19) 
Sample ID: 19 
Environment: Open bay 
Elevation (m above MSL): -25.6 
Species Richness: 28 
Simpson’s Diversity 0.10 
Shannon Index 2.79 
Total foraminifera in 5 cm3: 2248 
Total foraminifera in 1 cm3: 450 
FORAMINIFERA: Living Dead Total 
Calcareous species     
Alliatinella differens 0.00 0.00 0.00 
Alveolinella quoii 0.03 0.00 0.03 
Ammonia spp. 0.01 0.00 0.01 
Amphisorus hemprichii 0.00 0.00 0.00 
Amphistegina spp. 0.26 0.00 0.26 
Angulodiscorbis pyramidalis 0.00 0.00 0.00 
Anomalinella rostrata 0.00 0.00 0.00 
Ashbrookia ornata 0.00 0.00 0.00 
Baculogypsina sphaerulata 0.00 0.00 0.00 
Bolivina spathulata 0.00 0.00 0.00 
Bolivinellina translucens 0.00 0.00 0.00 
Bronnimannia spp. 0.00 0.00 0.00 
Buchnerina milletti 0.00 0.00 0.00 
Calcarina mayori 0.02 0.00 0.02 
Caribeanella elatensis 0.00 0.00 0.00 
Cassidelina spp.  0.00 0.00 0.00 
Cibicides spp. 0.00 0.00 0.00 
Colonimilesia coronata 0.00 0.00 0.00 
Conorbella spp. 0.00 0.00 0.00 
Cornuloculina inconstans 0.00 0.00 0.00 
Cornuspira spp. 0.00 0.00 0.00 
Coscinospira hemprichii 0.00 0.00 0.00 
Cymbaloporetta spp. 0.03 0.00 0.03 
Discorinopsis aguayoi 0.00 0.00 0.00 
Elphidium spp. 0.02 0.00 0.02 
Epistomaroides polystomelloides 0.00 0.00 0.00 
Eponides repandus 0.00 0.00 0.00 
Miliolinella schauinslandi 0.00 0.00 0.00 
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Exsculptina discrepans 0.00 0.00 0.00 
Fijinonion fijiense 0.00 0.00 0.00 
Fischerinella diversa 0.00 0.00 0.00 
Flintina bradyana 0.01 0.00 0.01 
Geminospira bradyi 0.00 0.00 0.00 
Globocassidulina crassa 0.00 0.00 0.00 
Gyroidina lamarckiana 0.03 0.00 0.03 
Hanzawaia grossepunctata 0.02 0.00 0.02 
Heronallenia laevis 0.00 0.00 0.00 
Heterostegina depressa 0.00 0.00 0.00 
Homotrema rubra 0.00 0.00 0.00 
Laevidentalina filiformis 0.00 0.00 0.00 
Lobatula mayori 0.00 0.00 0.00 
Loxostomina spp.  0.04 0.00 0.05 
Marginopora vertebralis 0.00 0.00 0.00 
Miliolinella circularis 0.00 0.00 0.00 
Miniacina miniacea 0.00 0.00 0.00 
Murrayinella murrayi 0.00 0.00 0.00 
Mychostomina spp. 0.00 0.00 0.00 
Neoconorbina spp. 0.00 0.00 0.00 
Neoeponides bradyi 0.00 0.00 0.00 
Neorotalia calcar 0.02 0.00 0.02 
Nonion spp. 0.00 0.00 0.00 
Nonionoides grateloupii 0.00 0.00 0.00 
Operculina spp. 0.06 0.00 0.06 
Operculinella venosa 0.00 0.00 0.00 
Pararotalia spp. 0.02 0.00 0.02 
Parasorites orbitoloides 0.02 0.00 0.02 
Patellinella spp. 0.02 0.00 0.02 
Pavonina flabelliformis 0.00 0.00 0.00 
Peneroplis pertusus 0.00 0.00 0.00 
Peneroplis planatus 0.00 0.00 0.00 
Pileolina spp. 0.00 0.00 0.00 
Planispirinella involuta 0.00 0.00 0.00 
Planoglabratella opercularis 0.00 0.00 0.00 
Planogypsina spp. 0.00 0.00 0.00 
Poroeponides lateralis 0.00 0.00 0.00 
Pseudohauerinella spp.  0.00 0.00 0.00 
Pseudomassilina spp. 0.00 0.00 0.00 
Pseudononion sp. 0.06 0.00 0.06 
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Pyrgo denticulata 0.02 0.00 0.02 
Quinqueloculina spp. 0.00 0.00 0.00 
Quirimbatina rimosa 0.01 0.00 0.01 
Reussella spp. 0.03 0.00 0.03 
Rosalina spp. 0.07 0.00 0.07 
Rotorbis auberii 0.00 0.00 0.00 
Rugobolivinella spinosa 0.00 0.00 0.00 
Sagrinella convallaria 0.00 0.00 0.00 
Saintclairoides toreutus 0.00 0.00 0.00 
Sigmamiliolinella australis 0.00 0.00 0.00 
Siphogenerina raphana 0.00 0.00 0.00 
Sorites orbiculus 0.00 0.00 0.00 
Spiroloculina spp.  0.00 0.00 0.00 
Spirosigmoilina bradyi 0.01 0.00 0.01 
Subanomalina sp. 0.00 0.00 0.00 
Triloculina spp. 0.02 0.00 0.02 
Vertebralina insignis  0.00 0.00 0.00 
Vertebralina spp. 0.00 0.00 0.00 
Virgulopsis spinea 0.00 0.00 0.00 
Agglutinated species 
    
Clavulina multicamerata  0.00 0.00 0.00 
Textularia spp. 0.08 0.00 0.08 
Trochammina inflata 0.00 0.00 0.00 
Planktics 0.07 0.00 0.07 
        









Table A15  
Taxonomic and taphonomic assemblages from TC Pam sediments (samples M1-0, M1-3, 
M1-6, M1-18, M1-20, PRB1-1, PRB1-7) 
 
Sample ID: M1 M1 M1 M1 M1 M1 PRB1 PRB1 










22.0 1.0 to 2.0 
7.0 to 
8.0 
Lithology: TC Pam Soil TC Pam 
Distance inland (m): 100 100 100 100 100 100 30 30 
Species Richness: 20 16 16 15 16 13 9 7 
Simpson’s Index 0.16 0.36 0.32 0.22 0.44 0.49 0.16 0.22 
Shannon Index 2.31 1.69 1.79 2.05 1.47 1.27 1.98 1.68 
Total foraminifera in 5 cm3: 955 1250 1140 2015 334 456 62 50 
Total foraminifera in 1 cm3: 191 250 228 403 67 91 12 10 
FORAMINIFERA:  Legend:   TC Pam sediments   
Mud 
lamination   
Calcareous species      
Underlying 
soil         
Alliatinella differens 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Alveolinella quoii 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Ammonia spp. 0.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Amphisorus hemprichii 0.01 0.00 0.02 0.01 0.00 0.00 0.00 0.00 
Amphistegina spp. 0.32 0.58 0.54 0.42 0.65 0.69 0.24 0.25 
Angulodiscorbis 
pyramidalis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Anomalinella rostrata 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.00 
Ashbrookia ornata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Baculogypsina sphaerulata 0.00 0.03 0.06 0.05 0.03 0.03 0.15 0.35 
Bolivina spathulata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Bolivinellina translucens 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Bronnimannia spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Buchnerina milletti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Calcarina mayori 0.03 0.00 0.00 0.00 0.02 0.02 0.20 0.12 
Caribeanella elatensis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cassidelina spp.  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cibicides spp. 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 
Colonimilesia coronata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Conorbella spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cornuloculina inconstans 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cornuspira spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Coscinospira hemprichii 0.01 0.02 0.01 0.06 0.02 0.02 0.05 0.00 
Cymbaloporetta spp. 0.03 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
Discorinopsis aguayoi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Elphidium spp. 0.10 0.08 0.07 0.12 0.10 0.11 0.13 0.09 
Epistomaroides 
polystomelloides 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Eponides repandus 0.00 0.00 0.01 0.00 0.00 0.01 0.00 0.00 
Miliolinella schauinslandi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Exsculptina discrepans 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Fijinonion fijiense 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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Fischerinella diversa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Flintina bradyana 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Geminospira bradyi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Globocassidulina crassa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Gyroidina lamarckiana 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
Hanzawaia grossepunctata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Heronallenia laevis 0.00 0.00 0.00 0.00 0.01 0.00 0.05 0.00 
Heterostegina depressa 0.08 0.04 0.03 0.04 0.00 0.00 0.00 0.00 
Homotrema rubra 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Laevidentalina filiformis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Lobatula mayori 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
Loxostomina spp.  0.01 0.00 0.00 0.00 0.05 0.04 0.05 0.05 
Marginopora vertebralis 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 
Miliolinella circularis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Miniacina miniacea 0.16 0.08 0.09 0.10 0.00 0.00 0.00 0.00 
Murrayinella murrayi 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.03 
Mychostomina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Neoconorbina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Neoeponides bradyi 0.00 0.02 0.00 0.00 0.01 0.00 0.00 0.00 
Neorotalia calcar 0.00 0.00 0.02 0.01 0.01 0.01 0.00 0.00 
Nonion spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Nonionoides grateloupii 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Operculina spp. 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
Operculinella venosa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pararotalia spp. 0.03 0.02 0.00 0.00 0.01 0.00 0.11 0.11 
Parasorites orbitoloides 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Patellinella spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pavonina flabelliformis 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 
Peneroplis pertusus 0.02 0.02 0.01 0.03 0.03 0.00 0.00 0.00 
Peneroplis planatus 0.01 0.01 0.01 0.00 0.00 0.03 0.00 0.00 
Pileolina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Planispirinella involuta 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Planoglabratella 
opercularis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Planogypsina spp. 0.01 0.00 0.01 0.04 0.00 0.00 0.00 0.00 
Poroeponides lateralis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pseudohauerinella spp.  0.01 0.00 0.01 0.01 0.01 0.00 0.00 0.00 
Pseudomassilina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pseudononion sp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pyrgo denticulata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Quinqueloculina spp. 0.01 0.01 0.02 0.04 0.02 0.01 0.00 0.00 
Quirimbatina rimosa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Reussella spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Rosalina spp. 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 
Rotorbis auberii 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Rugobolivinella spinosa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sagrinella convallaria 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Saintclairoides toreutus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sigmamiliolinella australis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Siphogenerina raphana 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sorites orbiculus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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Spiroloculina spp.  0.00 0.00 0.00 0.02 0.01 0.00 0.00 0.00 
Spirosigmoilina bradyi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Subanomalina sp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Triloculina spp. 0.05 0.05 0.06 0.04 0.00 0.01 0.00 0.00 
Vertebralina insignis  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Vertebralina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Virgulopsis spinea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Agglutinated species          
Clavulina multicamerata  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Textularia spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Trochammina inflata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Planktics 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
                  
TAPHONOMY:          
Unaltered 0.26 0.27 0.27 0.31 0.03 0.07 0.04 0.04 
Corraded 0.25 0.26 0.18 0.31 0.81 0.85 0.51 0.51 
Fragmented: 0.50 0.47 0.54 0.38 0.16 0.08 0.45 0.45 
rounded 0.70 0.60 0.67 0.55 0.94 0.75 0.91 0.91 




Table A16  
Taxonomic and taphonomic assemblages from TC Pam sediments (samples PRB1-12, 
PRB1-15, PRB1-16, PRB3-2, PRB3-2.5, PRB4-4.5, PRB3-8.5) 
Sample ID: PRB1 PRB1 PRB1 PRB1 PRB3 PRB3 PRB3 PRB3 










4.5 4.5 to 6.5 
8.5 to 
9.5 
Lithology:   Soil   TC Pam 
Distance inland (m): 30 30 30 30 70 70 70 70 
Species Richness: 6 4 7 11 11 15 11 13 
Simpson’s Diversity 0.25 0.34 0.16 0.16 0.11 0.11 0.29 0.19 
Shannon Index 1.57 1.21 1.89 2.10 2.27 2.40 1.67 1.94 
Total foraminifera in 5 cm3: 27 7 5 17 60 78 206 120 
Total foraminifera in 1 cm3: 5 1 1 3 12 16 41 24 
FORAMINIFERA:  Legend:   TC Pam sediments   
Mud 
lamination   
Calcareous species       
Underlying 
soil         
Alliatinella differens 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Alveolinella quoii 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Ammonia spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Amphisorus hemprichii 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Amphistegina spp. 0.37 0.31 0.22 0.06 0.10 0.15 0.11 0.11 
Angulodiscorbis 
pyramidalis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Anomalinella rostrata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 
Ashbrookia ornata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Baculogypsina sphaerulata 0.27 0.08 0.11 0.12 0.13 0.11 0.50 0.32 
Bolivina spathulata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Bolivinellina translucens 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Bronnimannia spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Buchnerina milletti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Calcarina mayori 0.11 0.15 0.22 0.29 0.15 0.12 0.14 0.20 
Caribeanella elatensis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cassidelina spp.  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cibicides spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Colonimilesia coronata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Conorbella spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cornuloculina inconstans 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cornuspira spp. 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 
Coscinospira hemprichii 0.00 0.00 0.00 0.06 0.08 0.01 0.04 0.01 
Cymbaloporetta spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Discorinopsis aguayoi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Elphidium spp. 0.08 0.00 0.11 0.03 0.10 0.17 0.02 0.01 
Epistomaroides 
polystomelloides 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Eponides repandus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Miliolinella schauinslandi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Exsculptina discrepans 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Fijinonion fijiense 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Fischerinella diversa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Flintina bradyana 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Geminospira bradyi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Globocassidulina crassa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Gyroidina lamarckiana 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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Hanzawaia 
grossepunctata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Heronallenia laevis 0.00 0.00 0.00 0.06 0.00 0.01 0.01 0.00 
Heterostegina depressa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Homotrema rubra 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Laevidentalina filiformis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Lobatula mayori 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Loxostomina spp.  0.00 0.00 0.11 0.18 0.00 0.05 0.03 0.00 
Marginopora vertebralis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Miliolinella circularis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Miniacina miniacea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Murrayinella murrayi 0.00 0.00 0.00 0.03 0.00 0.05 0.00 0.00 
Mychostomina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Neoconorbina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 
Neoeponides bradyi 0.00 0.00 0.00 0.00 0.05 0.02 0.02 0.03 
Neorotalia calcar 0.00 0.00 0.00 0.00 0.04 0.06 0.00 0.03 
Nonion spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Nonionoides grateloupii 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Operculina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Operculinella venosa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pararotalia spp. 0.12 0.46 0.12 0.06 0.15 0.08 0.09 0.18 
Parasorites orbitoloides 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 
Patellinella spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pavonina flabelliformis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Peneroplis pertusus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Peneroplis planatus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pileolina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Planispirinella involuta 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Planoglabratella 
opercularis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Planogypsina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Poroeponides lateralis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pseudohauerinella spp.  0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 
Pseudomassilina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pseudononion sp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pyrgo denticulata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Quinqueloculina spp. 0.00 0.00 0.11 0.09 0.09 0.08 0.00 0.04 
Quirimbatina rimosa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Reussella spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Rosalina spp. 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 
Rotorbis auberii 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Rugobolivinella spinosa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sagrinella convallaria 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Saintclairoides toreutus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sigmamiliolinella 
australis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Siphogenerina raphana 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sorites orbiculus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Spiroloculina spp.  0.05 0.00 0.00 0.02 0.10 0.07 0.03 0.02 
Spirosigmoilina bradyi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Subanomalina sp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Triloculina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Vertebralina insignis  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 
Vertebralina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Virgulopsis spinea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Agglutinated species          
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Textularia spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Trochammina inflata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Planktics: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
                  
TAPHONOMY:          
Unaltered 0.05 0.00 0.00 0.03 0.09 0 0.14 0.1 
Corraded 0.47 1.00 1.00 0.79 0.65 0.66 0.67 0.54 
Fragmented: 0.48 0.00 0.00 0.18 0.26 0.34 0.20 0.35 
rounded 0.98 0.00 0.00 1.00 0.77 0.91 0.65 0.89 




Table A17  
Taxonomic and taphonomic assemblages from TC Pam sediments (samples PRB3-12.5, 
PRB3-16.5, PRB3-26.5, PRB3-30.5, PRB4-2, PRB4-4, PRB4-5) 
Sample ID: PRB3 PRB3 PRB3 PRB3 PRB3 PRB4 PRB4 PRB4 

















Lithology:       Soil   TC Pam     
Distance inland (m): 70 70 70 70 70 73 73 73 
Species Richness: 15 11 11 0 0 11 12 13 
Simpson’s Diversity Index 0.18 0.25 0.20 0 0 0.16 0.17 0.20 
Shannon Index 2.09 1.72 1.86 0 0 2.05 1.98 1.89 
Total foraminifera in 5 cm3: 70 83 64 0 0 32 67 79 
Total foraminifera in 1 cm3: 14 17 13 0 0 6 13 16 
FORAMINIFERA:          
Calcareous species          
Alliatinella differens 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Alveolinella quoii 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Ammonia spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Amphisorus hemprichii 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Amphistegina spp. 0.11 0.19 0.23 0.00 0.00 0.25 0.22 0.23 
Angulodiscorbis pyramidalis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Anomalinella rostrata 0.01 0.00 0.02 0.00 0.00 0.00 0.00 0.00 
Ashbrookia ornata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Baculogypsina sphaerulata 0.09 0.41 0.30 0.00 0.00 0.09 0.24 0.33 
Bolivina spathulata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Bolivinellina translucens 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Bronnimannia spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Buchnerina milletti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Calcarina mayori 0.29 0.20 0.20 0.00 0.00 0.16 0.14 0.17 
Caribeanella elatensis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cassidelina spp.  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cibicides spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Colonimilesia coronata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Conorbella spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cornuloculina inconstans 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cornuspira spp. 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Coscinospira hemprichii 0.02 0.00 0.00 0.00 0.00 0.00 0.01 0.00 
Cymbaloporetta spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Discorinopsis aguayoi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Elphidium spp. 0.05 0.02 0.09 0.00 0.00 0.19 0.07 0.04 
Epistomaroides 
polystomelloides 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Eponides repandus 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 
Miliolinella schauinslandi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Exsculptina discrepans 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Fijinonion fijiense 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Fischerinella diversa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Flintina bradyana 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Geminospira bradyi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Globocassidulina crassa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Gyroidina lamarckiana 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Hanzawaia grossepunctata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Heronallenia laevis 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
Heterostegina depressa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Homotrema rubra 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Laevidentalina filiformis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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Lobatula mayori 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Loxostomina spp.  0.04 0.00 0.02 0.00 0.00 0.03 0.04 0.00 
Marginopora vertebralis 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Miliolinella circularis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Miniacina miniacea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Murrayinella murrayi 0.01 0.00 0.01 0.00 0.00 0.06 0.00 0.01 
Mychostomina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Neoconorbina spp. 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 
Neoeponides bradyi 0.02 0.03 0.00 0.00 0.00 0.00 0.02 0.01 
Neorotalia calcar 0.05 0.03 0.07 0.00 0.00 0.00 0.01 0.03 
Nonion spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Nonionoides grateloupii 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Operculina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Operculinella venosa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pararotalia spp. 0.25 0.05 0.03 0.00 0.00 0.13 0.19 0.08 
Parasorites orbitoloides 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Patellinella spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 
Pavonina flabelliformis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Peneroplis pertusus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Peneroplis planatus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pileolina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Planispirinella involuta 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Planoglabratella 
opercularis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Planogypsina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Poroeponides lateralis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pseudohauerinella spp.  0.00 0.01 0.01 0.00 0.00 0.00 0.00 0.01 
Pseudomassilina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pseudononion sp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pyrgo denticulata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Quinqueloculina spp. 0.02 0.02 0.00 0.00 0.00 0.03 0.03 0.06 
Quirimbatina rimosa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Reussella spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Rosalina spp. 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 
Rotorbis auberii 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Rugobolivinella spinosa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sagrinella convallaria 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Saintclairoides toreutus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sigmamiliolinella australis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Siphogenerina raphana 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sorites orbiculus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Spiroloculina spp.  0.02 0.03 0.00 0.00 0.00 0.02 0.02 0.01 
Spirosigmoilina bradyi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Subanomalina sp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Triloculina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Vertebralina insignis  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 
Vertebralina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Virgulopsis spinea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Agglutinated species          
Clavulina multicamerata  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Textularia spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 
Trochammina inflata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Planktics: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
                  
TAPHONOMY:          
Unaltered 0.18 0.09 0.15 0.00 0.00 0.19 0.08 0.15 
Corraded 0.61 0.61 0.52 0.00 0.00 0.5 0.4 0.38 
Fragmented: 0.21 0.29 0.33 0.00 0.00 0.31 0.52 0.47 
rounded 0.67 0.69 0.61 0.00 0.00 0.90 0.79 0.91 
angular 0.33 0.31 0.39 0.00 0.00 0.10 0.21 0.09 
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Table A18  
Taxonomic and taphonomic assemblages from TC Pam sediments (samples PRB4-6, 
PRB4-6.5, PRB4-7.5, PRB4-8, PRB4-8.5, PRB4-11, PRB4-17, PRB4-23) 
Sample ID: PRB4 PRB4 PRB4 PRB4 PRB4 PRB4 PRB4 PRB4 

















Lithology:   TC Pam             
Distance inland (m): 73 73 73 73 73 73 73 73 
Species Richness: 13 14 11 15 8 12 12 9 
Simpson’s Diversity 0.14 0.17 0.16 0.14 0.21 0.16 0.21 0.00 
Shannon Index 2.21 1.98 1.99 2.22 1.83 2.11 1.76 0.00 
Total foraminifera in 5 cm3: 163 86 103 155 94 102 108 42 
Total foraminifera in 1 cm3: 33 17 21 31 19 20 22 8 
FORAMINIFERA:          
Calcareous species          
Alliatinella differens 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Alveolinella quoii 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Ammonia spp. 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 
Amphisorus hemprichii 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Amphistegina spp. 0.25 0.23 0.21 0.13 0.28 0.24 0.31 0.11 
Angulodiscorbis pyramidalis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Anomalinella rostrata 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 
Ashbrookia ornata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Baculogypsina sphaerulata 0.14 0.21 0.15 0.21 0.10 0.32 0.14 0.33 
Bolivina spathulata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Bolivinellina translucens 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Bronnimannia spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Buchnerina milletti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Calcarina mayori 0.13 0.15 0.19 0.21 0.16 0.16 0.13 0.18 
Caribeanella elatensis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cassidelina spp.  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cibicides spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Colonimilesia coronata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Conorbella spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cornuloculina inconstans 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cornuspira spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Coscinospira hemprichii 0.05 0.00 0.00 0.00 0.00 0.01 0.03 0.00 
Cymbaloporetta spp. 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 
Discorinopsis aguayoi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Elphidium spp. 0.10 0.11 0.06 0.09 0.13 0.01 0.05 0.10 
Epistomaroides 
polystomelloides 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Eponides repandus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Miliolinella schauinslandi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Exsculptina discrepans 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Fijinonion fijiense 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Fischerinella diversa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Flintina bradyana 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 
Geminospira bradyi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Globocassidulina crassa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Gyroidina lamarckiana 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Hanzawaia grossepunctata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Heronallenia laevis 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 
Heterostegina depressa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Homotrema rubra 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Laevidentalina filiformis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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Lobatula mayori 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 
Loxostomina spp.  0.05 0.01 0.00 0.05 0.00 0.00 0.03 0.02 
Marginopora vertebralis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Miliolinella circularis 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.00 
Miniacina miniacea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Murrayinella murrayi 0.02 0.01 0.00 0.01 0.00 0.04 0.00 0.00 
Mychostomina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Neoconorbina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Neoeponides bradyi 0.07 0.01 0.05 0.02 0.00 0.02 0.03 0.02 
Neorotalia calcar 0.00 0.00 0.02 0.01 0.00 0.01 0.08 0.00 
Nonion spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Nonionoides grateloupii 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Operculina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Operculinella venosa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pararotalia spp. 0.12 0.19 0.23 0.13 0.24 0.13 0.11 0.21 
Parasorites orbitoloides 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Patellinella spp. 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
Pavonina flabelliformis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Peneroplis pertusus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Peneroplis planatus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pileolina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Planispirinella involuta 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Planoglabratella opercularis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Planogypsina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Poroeponides lateralis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pseudohauerinella spp.  0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
Pseudomassilina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pseudononion sp. 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
Pyrgo denticulata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Quinqueloculina spp. 0.00 0.00 0.03 0.03 0.04 0.04 0.05 0.02 
Quirimbatina rimosa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Reussella spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Rosalina spp. 0.02 0.03 0.00 0.00 0.00 0.00 0.00 0.00 
Rotorbis auberii 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Rugobolivinella spinosa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sagrinella convallaria 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Saintclairoides toreutus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sigmamiliolinella australis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Siphogenerina raphana 0.00 0.01 0.00 0.05 0.00 0.00 0.00 0.00 
Sorites orbiculus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 
Spiroloculina spp.  0.03 0.00 0.04 0.03 0.03 0.00 0.00 0.00 
Spirosigmoilina bradyi 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Subanomalina sp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Triloculina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Vertebralina insignis  0.01 0.00 0.01 0.00 0.02 0.00 0.00 0.00 
Vertebralina spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Virgulopsis spinea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Agglutinated species          
Clavulina multicamerata  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Textularia spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Trochammina inflata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Planktics: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
                  
TAPHONOMY:          
Unaltered 0 0.12 0.08 0.11 0.04 0.14 0.25 0.13 
Corraded 0.62 0.78 0.61 0.24 0.65 0.63 0.57 0.72 
Fragmented: 0.38 0.10 0.31 0.65 0.31 0.24 0.18 0.15 
rounded 0.84 0.90 0.84 0.98 0.87 0.96 0.94 1.00 
angular 0.16 0.10 0.16 0.02 0.13 0.04 0.06 0.00 
 102 
Table A19  
Taxonomic and taphonomic assemblages from TC Pam sediments (samples PRB4-27, 
PRB4-31) 
Sample ID: PRB4 PRB4 





Lithology: Soil Soil 
Distance inland (m): 73 73 
Species Richness: 0 0 
Simpson’s Diversity 0.00 0.00 
Shannon Index 0.00 0.00 
Total foraminifera in 5 cm3: 0 0 
Total foraminifera in 1 cm3: 0 0 
FORAMINIFERA:     
Calcareous species     
Alliatinella differens 0.00 0.00 
Alveolinella quoii 0.00 0.00 
Ammonia spp. 0.00 0.00 
Amphisorus hemprichii 0.00 0.00 
Amphistegina spp. 0.00 0.00 
Angulodiscorbis pyramidalis 0.00 0.00 
Anomalinella rostrata 0.00 0.00 
Ashbrookia ornata 0.00 0.00 
Baculogypsina sphaerulata 0.00 0.00 
Bolivina spathulata 0.00 0.00 
Bolivinellina translucens 0.00 0.00 
Bronnimannia spp. 0.00 0.00 
Buchnerina milletti 0.00 0.00 
Calcarina mayori 0.00 0.00 
Caribeanella elatensis 0.00 0.00 
Cassidelina spp.  0.00 0.00 
Cibicides spp. 0.00 0.00 
Colonimilesia coronata 0.00 0.00 
Conorbella spp. 0.00 0.00 
Cornuloculina inconstans 0.00 0.00 
Cornuspira spp. 0.00 0.00 
Coscinospira hemprichii 0.00 0.00 
Cymbaloporetta spp. 0.00 0.00 
Discorinopsis aguayoi 0.00 0.00 
Elphidium spp. 0.00 0.00 
Epistomaroides polystomelloides 0.00 0.00 
Eponides repandus 0.00 0.00 
Miliolinella schauinslandi 0.00 0.00 
Exsculptina discrepans 0.00 0.00 
Fijinonion fijiense 0.00 0.00 
Fischerinella diversa 0.00 0.00 
Flintina bradyana 0.00 0.00 
Geminospira bradyi 0.00 0.00 
Globocassidulina crassa 0.00 0.00 
Gyroidina lamarckiana 0.00 0.00 
Hanzawaia grossepunctata 0.00 0.00 
Heronallenia laevis 0.00 0.00 
Heterostegina depressa 0.00 0.00 
Homotrema rubra 0.00 0.00 
Laevidentalina filiformis 0.00 0.00 
Lobatula mayori 0.00 0.00 
Loxostomina spp.  0.00 0.00 
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Marginopora vertebralis 0.00 0.00 
Miliolinella circularis 0.00 0.00 
Miniacina miniacea 0.00 0.00 
Murrayinella murrayi 0.00 0.00 
Mychostomina spp. 0.00 0.00 
Neoconorbina spp. 0.00 0.00 
Neoeponides bradyi 0.00 0.00 
Neorotalia calcar 0.00 0.00 
Nonion spp. 0.00 0.00 
Nonionoides grateloupii 0.00 0.00 
Operculina spp. 0.00 0.00 
Operculinella venosa 0.00 0.00 
Pararotalia spp. 0.00 0.00 
Parasorites orbitoloides 0.00 0.00 
Patellinella spp. 0.00 0.00 
Pavonina flabelliformis 0.00 0.00 
Peneroplis pertusus 0.00 0.00 
Peneroplis planatus 0.00 0.00 
Pileolina spp. 0.00 0.00 
Planispirinella involuta 0.00 0.00 
Planoglabratella opercularis 0.00 0.00 
Planogypsina spp. 0.00 0.00 
Poroeponides lateralis 0.00 0.00 
Pseudohauerinella spp.  0.00 0.00 
Pseudomassilina spp. 0.00 0.00 
Pseudononion sp. 0.00 0.00 
Pyrgo denticulata 0.00 0.00 
Quinqueloculina spp. 0.00 0.00 
Quirimbatina rimosa 0.00 0.00 
Reussella spp. 0.00 0.00 
Rosalina spp. 0.00 0.00 
Rotorbis auberii 0.00 0.00 
Rugobolivinella spinosa 0.00 0.00 
Sagrinella convallaria 0.00 0.00 
Saintclairoides toreutus 0.00 0.00 
Sigmamiliolinella australis 0.00 0.00 
Siphogenerina raphana 0.00 0.00 
Sorites orbiculus 0.00 0.00 
Spiroloculina spp.  0.00 0.00 
Spirosigmoilina bradyi 0.00 0.00 
Subanomalina sp. 0.00 0.00 
Triloculina spp. 0.00 0.00 
Vertebralina insignis  0.00 0.00 
Vertebralina spp. 0.00 0.00 
Virgulopsis spinea 0.00 0.00 
Agglutinated species    
Clavulina multicamerata  0.00 0.00 
Textularia spp. 0.00 0.00 
Trochammina inflata 0.00 0.00 
Planktics: 0.00 0.00 
      
TAPHONOMY:    
Unaltered 0 0 
Corraded 0 0 
Fragmented: 0.00 0.00 
rounded 0.00 0.00 
angular 0.00 0.00 
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Table A20 
 PAM cluster analysis for surface samples collected at Undine Bay 
% 
Abundance 
in at least 
one sample 
Taxonomy Taphonomy 


























all 45% 36% 5       35% 40% 4 
1% 46% 36% 5       30% 40% 4 
2% 47% 36% 5       33% 40% 4 
3% 39% 38% 3       37% 45% 3 
4% 41% 40% 3       40% 42% 3 
5% 13% 45% 3       15% 41% 3 
6% 55% 34% 5       65% 38% 4 
7% 40% 40% 4       50% 43% 4 
8% 39% 45% 4 46% 64% 0 42% 42% 4 
9% 48% 38% 4       55% 34% 5 
10% 25% 53% 0       25% 51% 0 
11% 33% 43% 0       25% 77% 0 
12% 20% 53% 0       25% 55% 0 
12' % 28% 66% 0       18% 94% 0 
13% 27% 53% 0       25% 55% 0 
14% 31% 58% 0       25% 53% 0 








Calcareous species  
Agglutinella arenata (Said, 
1949)  
Liu J.Y. (ed.)., 2008. Checklist of marine biota of China seas. China Science Press. 1267 
pp. 
Alliatinella differens 
(McCulloch, 1977)  
McCulloch, I. 1977. Qualitative observations on Recent foraminiferal tests with 
emphasis on the eastern Pacific. University of Southern California. Los Angeles. 
Alveolinella quoii (d'Orbigny, 
1826)  
Jones, R.W. 1994. The Challenger Foraminifera. Oxford University Press, pp. 149. 
Ammonia parkinsoniana 
(d'Orbigny, 1839)  
B. K. Sen Gupta, L. E. Smith, and M. L. Machain-Castillo. 2009. Foraminifera of the 
Gulf of Mexico, in Felder, D.L. and D.K. Camp (eds.), Gulf of Mexico–Origins, Waters, 
and Biota. Biodiversity. Texas A&M Press, College Station, Texas., pp. 87–129. 
Ammonia tepida (Cushman, 
1926)  
Hayward, B.W., Buzas, M.A., Buzas-Stephens, P., Holzmann, M., 2003. The lost types 




Gross, O. 2001. Foraminifera, in: Costello, M.J. et al. (Ed.) 2001. European register of 
marine species: a check-list of the marine species in Europe and a bibliography of guides 
to their identification. Collection Patrimoines Naturels, 50: pp. 60-75 
Amphistegina radiata Larsen, 
1976  
Jones, R.W. 1994. The Challenger Foraminifera. Oxford University Press, pp. 149 
Amphistegina lessonii d'Orbigny 
in Guerin-Meneville, 1843  
Gross, O. 2001. Foraminifera, in: Costello, M.J. et al. (Ed.) 2001. European register of 
marine species: a check-list of the marine species in Europe and a bibliography of guides 
to their identification. Collection Patrimoines Naturels, 50: pp. 60-75 
Angulodiscorbis pyramidalis 
(Heron-Allen & Earland, 1924)  
Debenay, J. P., 2013. A guide to 1,000 Foraminifera from the Southwestern Pacific New 
Caledonia. IRD Editions. Publication Scientifique du Museum. CP41, pp. 383 available 
online at http://www.ird.fr/editions/catalogue/ouvrage.php?livre=677 
Anomalinella rostrata (Brady, 
1881)  
Jones, R.W. 1994. The Challenger Foraminifera. Oxford University Press, p. 149 
Ashbrookia ornata McCulloch, 
1977  
McCulloch, I., 1977. Qualitative observations on Recent foraminiferal tests with 
emphasis on the eastern Pacific. University of Southern California. Los Angeles. 
Baculogypsina sphaerulata 
(Parker & Jones, 1860)  
Jones, R.W. 1994. The Challenger Foraminifera. Oxford University Press, p. 149 
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Bolivina doniezi (Williamson, 
1858)  
Liu J.Y. [Ruiyu] (ed.). (2008). Checklist of marine biota of China seas. China Science 
Press. 1267 pp 
Bolivinellina translucens (Phleger 
& Parker, 1951)  
B. K. Sen Gupta, L. E. Smith, and M. L. Machain-Castillo. 2009. Foraminifera of the 
Gulf of Mexico, Pp. 87–129 in Felder, D.L. and D.K. Camp (eds.), Gulf of Mexico–
Origins, Waters, and Biota. Biodiversity. Texas A&M Press, College Station, Texas. 
Bronnimannia eocenica (Singh 
and Kalia, 1924)  
Singh, S.N., and Kalia P., 1969. Bronnimannia - a new genus of foraminifera from the 
middle Kirthars of Shri Kolayatji area. Bikaner, Rajasthan. Paleontolgical Society of 
India Journal 13, 45-46. 
Bronnimannia palmerae 
(Bermúdez, 1935)  
B. K. Sen Gupta, L. E. Smith, and M. L. Machain-Castillo. 2009. Foraminifera of the 
Gulf of Mexico, Pp. 87–129 in Felder, D.L. and D.K. Camp (eds.), Gulf of Mexico–
Origins, Waters, and Biota. Biodiversity. Texas A&M Press, College Station, Texas. 
Buchnerina milletti (Todd in 
Cushman, Todd & Post, 1954)  
Debenay, J. P., 2013. A guide to 1,000 Foraminifera from the Southwestern Pacific New 
Caledonia. IRD Editions. Publication Scientifique du Museum. CP41, 383 pp., available 
online at http://www.ird.fr/editions/catalogue/ouvrage.php?livre=677 
Calcarina mayori Cushman, 1924  Cushman, J.A., 1924. Samoan Foraminifera. Carnegie last. Washington, pp. 44. 
Caribeanella elatensis Perelis & 
Reiss, 1975  
Perelis L., and Reiss Z., 1975. Cibicididae in Recent sediments from the Gulf of Elat. 
Isreali Journal of Earth Science 24, 94-95. 
Cassidelina spinescens 
(Cushman, 1911)  
B. K. Sen Gupta, L. E. Smith, and M. L. Machain-Castillo. 2009. Foraminifera of the 
Gulf of Mexico, Pp. 87–129 in Felder, D.L. and D.K. Camp (eds.), Gulf of Mexico–
Origins, Waters, and Biota. Biodiversity. Texas A&M Press, College Station, Texas.  
Cassidelina subcapitata (Zheng, 
1979)  
Saidova, Kh. M., 1975. Benthic Foraminifera of the Pacific Ocean. Bulletin of the 
Academy of Sciences of the USSR, Physical Series Shirshova 2, 313-314 
Cibicides praecinctus (Karrer, 
1868)  
Gross, O. (2001). Foraminifera, in: Costello, M.J. et al. (Ed.) (2001). European register 
of marine species: a check-list of the marine species in Europe and a bibliography of 
guides to their identification. Collection Patrimoines Naturels, 50: pp. 60-75  
Cibicidoides subhaidingerii (Parr, 
1950)  
 Liu J.Y. (ed.). 2008. Checklist of marine biota of China seas. China Science Press, pp. 
1267. 
Colonimilesia coronata (Heron-
Allen & Earland, 1932)  
Hayward, B.W., Grenfell, H.R., Reid, C.M., Hayward, K.A. 1999. Recent New Zealand 
shallow-water benthic Foraminifera: Taxonomy, ecologic distribution, biogeography, 
and use in paleoenvironmental assessment. Institute of Geological and Nuclear Sciences 
Monograph 21, 258 p.  
Conorbella imperatoria 
(d'Orbigny, 1846)  
Gross, O. 2001. Foraminifera, in: Costello, M.J. et al. (Ed.) 2001. European register of 
marine species: a check-list of the marine species in Europe and a bibliography of guides 
to their identification. Collection Patrimoines Naturels, 50: pp. 60-75 
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Conorbella pulvinata (Brady, 
1884)  
Gross, O. 2001. Foraminifera, in: Costello, M.J. et al. (Ed.) 2001. European register of 
marine species: a check-list of the marine species in Europe and a bibliography of guides 
to their identification. Collection Patrimoines Naturels, 50: pp. 60-75 
Cornuloculina inconstans (Brady, 
1879)  
Gross, O. 2001. Foraminifera, in: Costello, M.J. et al. (Ed.) 2001. European register of 
marine species: a check-list of the marine species in Europe and a bibliography of guides 
to their identification. Collection Patrimoines Naturels, 50: pp. 60-75 
Cornuspira planorbis Schultze, 
1853  
Gross, O. 2001. Foraminifera, in: Costello, M.J. et al. (Ed.) 2001. European register of 
marine species: a check-list of the marine species in Europe and a bibliography of guides 
to their identification. Collection Patrimoines Naturels, 50: pp. 60-75 
Coscinospira hemprichii 
Ehrenberg, 1839 
Gross, O. 2001. Foraminifera, in: Costello, M.J. et al. (Ed.) 2001. European register of 
marine species: a check-list of the marine species in Europe and a bibliography of guides 
to their identification. Collection Patrimoines Naturels, 50: pp. 60-75 
Cymbaloporella tabellaeformis 
(Brady, 1884)  
Liu J.Y. [Ruiyu] (ed.). (2008). Checklist of marine biota of China seas. China Science 
Press. 1267 pp. 
Cymbaloporetta bradyi 
(Cushman, 1924)  
Liu J.Y. [Ruiyu] (ed.). (2008). Checklist of marine biota of China seas. China Science 
Press. 1267 pp. 
Cymbaloporetta squammosa 
(d'Orbigny, 1826)  
Gross, O. 2001. Foraminifera, in: Costello, M.J. et al. (Ed.) 2001. European register of 
marine species: a check-list of the marine species in Europe and a bibliography of guides 
to their identification. Collection Patrimoines Naturels, 50: pp. 60-75 
Discorinopsis aguayoi 
(Bermúdez, 1935)  
B. K. Sen Gupta, L. E. Smith, and M. L. Machain-Castillo. 2009. Foraminifera of the 
Gulf of Mexico, Pp. 87–129 in Felder, D.L. and D.K. Camp (eds.), Gulf of Mexico–
Origins, Waters, and Biota. Biodiversity. Texas A&M Press, College Station, Texas. 
Elphidium advenum (Cushman, 
1922)  
Gross, O. 2001. Foraminifera, in: Costello, M.J. et al. (Ed.) 2001. European register of 
marine species: a check-list of the marine species in Europe and a bibliography of guides 
to their identification. Collection Patrimoines Naturels, 50: pp. 60-75 
Elphidium craticulatum (Fichtel 
& Moll, 1798)  
Hayward, B.W., Hollis, C.J., Grenfell, H.R. 1997. Recent Elphidiidae (Foraminiferida) 
of the South-West Pacific and fossil Elphidiidae of New Zealand. Institute of Geological 
and Nuclear Sciences, Monograph 16, 166 p. 
Elphidium excavatum subsp. 
clavatum Cushman, 1930  
Hayward, B.W., Hollis, C.J., Grenfell, H.R. 1997. Recent Elphidiidae (Foraminiferida) 
of the South-West Pacific and fossil Elphidiidae of New Zealand. Institute of Geological 
and Nuclear Sciences, Monograph 16, pp. 166 
Epistomaroides polystomelloides 
(Parker & Jones, 1865)  
Jones, R.W. 1994. The Challenger Foraminifera. Oxford University Press, pp. 149 
Eponides repandus (Fichtel & 
Moll, 1798)  
Gross, O. 2001. Foraminifera, in: Costello, M.J. et al. (Ed.) 2001. European register of 
marine species: a check-list of the marine species in Europe and a bibliography of guides 
to their identification. Collection Patrimoines Naturels, 50: pp. 60-75 
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Exsculptina discrepans (Cushman 
& Gray, 1946)  
Loeblich, A.R.; Tappan, H. (1988). Foraminiferal Genera and their Classification. Van 
Nostrand Reinhold Company, New York. pp. 970 
Fijinonion fijiense (Cushman & 
Edwards, 1937)  
Jones, R.W. 1994. The Challenger Foraminifera. Oxford University Press, 149 p 
Fischerinella diversa McCulloch, 
1977  
McCulloch, I., 1977. Qualitative observations on Recent foraminiferal tests with 
emphasis on the eastern Pacific. University of Southern California. Los Angeles.  
Flintina bradyana Cushman, 1921   Jones, R.W. 1994. The Challenger Foraminifera. Oxford University Press, pp. 149  
Geminospira bradyi Bermúdez, 
1952  
Jones, R.W. 1994. The Challenger Foraminifera. Oxford University Press, pp. 149 
Globocassidulina crassa 
(d'Orbigny, 1839)  
Ward, B.L., Barrett, P.J., Vella, P., 1987. Distribution and ecology oof benthic 
foraminifera in McMurdo Sound, Antarctica. Paleogeogr. Paleoclimatl. Paleoecol. 58, 
139-153. 
Gyroidina lamarckiana 
(d'Orbigny, 1839)  
Gross, O. 2001. Foraminifera, in: Costello, M.J. et al. (Ed.) 2001. European register of 
marine species: a check-list of the marine species in Europe and a bibliography of guides 
to their identification. Collection Patrimoines Naturels, 50: pp. 60-75 
Hanzawaia grossepunctata 
(Earland, 1934)  
Earland A., 1934. Foraminifera; Part III - The falklands sector of the Arctic (excluding 
South Georgia). In "Discovery" Repts., issued by the "Discovery" Committee, Colonial 
Office, London. Cambridge, England, University Press 10, 184 
Heronallenia laevis Parr, 1950  
 Liu J.Y. (ed.). 2008. Checklist of marine biota of China seas. China Science Press, pp. 
1267. 
Heterostegina depressa 
d'Orbigny, 1826  
Gross, O. 2001. Foraminifera, in: Costello, M.J. et al. (Ed.) 2001. European register of 
marine species: a check-list of the marine species in Europe and a bibliography of guides 
to their identification. Collection Patrimoines Naturels, 50: pp. 60-75 
Homotrema rubra (Lamarck, 
1816)  
Gross, O. 2001. Foraminifera, in: Costello, M.J. et al. (Ed.) 2001. European register of 
marine species: a check-list of the marine species in Europe and a bibliography of guides 
to their identification. Collection Patrimoines Naturels, 50: pp. 60-75 
Lachlanella barnardi (Rasheed, 
1971)  
Hayward, B.W., Grenfell, H.R., Reid, C.M., Hayward, K.A. 1999. Recent New Zealand 
shallow-water benthic Foraminifera: Taxonomy, ecologic distribution, biogeography, 
and use in paleoenvironmental assessment. Institute of Geological and Nuclear Sciences 
Monograph 21, 258 p. 
Laevidentalina filiformis 
(d'Orbigny, 1826)  
Gross, O. 2001. Foraminifera, in: Costello, M.J. et al. (Ed.) 2001. European register of 
marine species: a check-list of the marine species in Europe and a bibliography of guides 
to their identification. Collection Patrimoines Naturels, 50: pp. 60-75 
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Lobatula mayori (Cushman, 1924)  
Debenay, J. P., 2013. A guide to 1,000 Foraminifera from the Southwestern Pacific New 
Caledonia. IRD Editions. Publication Scientifique du Museum. CP41, 383 pp., available 
online at http://www.ird.fr/editions/catalogue/ouvrage.php?livre=677 
Loxostomina barkeri (Margerel, 
1981)  
Debenay, J. P., 2013. A guide to 1,000 Foraminifera from the Southwestern Pacific New 
Caledonia. IRD Editions. Publication Scientifique du Museum. CP41, 383 pp., available 
online at http://www.ird.fr/editions/catalogue/ouvrage.php?livre=677 
Loxostomina costatapertusa 
Loeblich & Tappan, 1994  
 Loeblich, A.R. & Tappan, H. 1994. Foraminifera of the Sahul Shelf and Timor Sea. 
Cushman Foundation for Foraminiferal Research Special Publication 31.  
Loxostomina costulata (Cushman, 
1922)  
B. K. Sen Gupta, L. E. Smith, and M. L. Machain-Castillo. 2009. Foraminifera of the 
Gulf of Mexico, Pp. 87–129 in Felder, D.L. and D.K. Camp (eds.), Gulf of Mexico–
Origins, Waters, and Biota. Biodiversity. Texas A&M Press, College Station, Texas. 
Marginopora vertebralis Quoy & 
Gaimard, 1830  
ITIS database, available online at http://www.itis.gov 
Miliolinella circularis 
(Bornemann, 1855)  
 B. K. Sen Gupta, L. E. Smith, and M. L. Machain-Castillo. 2009. Foraminifera of the 
Gulf of Mexico, Pp. 87–129 in Felder, D.L. and D.K. Camp (eds.), Gulf of Mexico–
Origins, Waters, and Biota. Biodiversity. Texas A&M Press, College Station, Texas. 
Miliolinella schauinslandi 
(Rhumbler, 1906)  
Liu J.Y. (ed.)., 2008. Checklist of marine biota of China seas. China Science Press. 1267 
pp. 
Miniacina miniacea (Pallas, 1766)  
Gross, O. 2001. Foraminifera, in: Costello, M.J. et al. (Ed.) 2001. European register of 
marine species: a check-list of the marine species in Europe and a bibliography of guides 
to their identification. Collection Patrimoines Naturels, 50: pp. 60-75 
Murrayinella murrayi (Heron-Allen 
& Earland, 1915)  
B. K. Sen Gupta, L. E. Smith, and M. L. Machain-Castillo. 2009. Foraminifera of the 
Gulf of Mexico, Pp. 87–129 in Felder, D.L. and D.K. Camp (eds.), Gulf of Mexico–
Origins, Waters, and Biota. Biodiversity. Texas A&M Press, College Station, Texas. 
Mychostomina lucida (Sidebottom, 
1908)  
B. K. Sen Gupta, L. E. Smith, and M. L. Machain-Castillo. 2009. Foraminifera of the 
Gulf of Mexico, Pp. 87–129 in Felder, D.L. and D.K. Camp (eds.), Gulf of Mexico–
Origins, Waters, and Biota. Biodiversity. Texas A&M Press, College Station, Texas. 
Mychostomina revertens 
(Rhumbler, 1906)  
Liu J.Y. [Ruiyu] (ed.). (2008). Checklist of marine biota of China seas. China Science 
Press. 1267 pp. 
Neoconorbina albida McCulloch, 
1977  
McCulloch, I. (1977). Qualitative observations on Recent foraminiferal tests with 
emphasis on the eastern Pacific. University of Southern California. Los Angeles.  
Neoconorbina clara (Cushman, 
1934)  
Debenay, J. P., 2013. A guide to 1,000 Foraminifera from the Southwestern Pacific New 
Caledonia. IRD Editions. Publication Scientifique du Museum. CP41, 383 pp., available 
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Neorotalia calcar (d'Orbigny, 
1839)  
Gross, O. 2001. Foraminifera, in: Costello, M.J. et al. (Ed.) 2001. European register of 
marine species: a check-list of the marine species in Europe and a bibliography of guides to 
their identification. Collection Patrimoines Naturels, 50: pp. 60-75 
Nonion commune (d'Orbigny, 
1846)  
Gross, O. 2001. Foraminifera, in: Costello, M.J. et al. (Ed.) 2001. European register of 
marine species: a check-list of the marine species in Europe and a bibliography of guides to 
their identification. Collection Patrimoines Naturels, 50: pp. 60-75 
Nonion subturgidum 
(Cushman, 1924)  
Cushman, J.A., 1924. Samoan Foraminifera. Carnegie last. Washington, pp. 47. 
Nonionoides grateloupii 
(d'Orbigny, 1839)  
 B. K. Sen Gupta, L. E. Smith, and M. L. Machain-Castillo. 2009. Foraminifera of the Gulf 
of Mexico, Pp. 87–129 in Felder, D.L. and D.K. Camp (eds.), Gulf of Mexico–Origins, 
Waters, and Biota. Biodiversity. Texas A&M Press, College Station, Texas. 
Nuttallides bradyi (Earland, 
1934)  
Gross, O. 2001. Foraminifera, in: Costello, M.J. et al. (Ed.) 2001. European register of 
marine species: a check-list of the marine species in Europe and a bibliography of guides to 
their identification. Collection Patrimoines Naturels, 50: pp. 60-75 
Operculina ammonoides 
Sidebottom, 1918  
Yim, W.W.-S. & He, X.-X. (1988). Holocene foraminifera in Hong Kong and their 
palaeoenvironmental significance. In: The palaeoenvironment of east asia from the mid-
tertiary, Proceedings of the Second International Conference on the Paleoenvironment of 
East Asia, Vol. II: Oceanography, Palaeozoology and Palaeoanthropology (eds. Whyte, P. 
Aigner, J.S., Jablonski, N.G., Taylor, G., Walker, D., Pinxian, W. & So, C.-L.), pp. 787-
809. Centre of Asian Studies, University of Hong Kong. 
Operculina gaimardi 
Deshayes, 1832  
Fishelson, L., 1971. Ecology and distribution of the benthic fauna in the shallow waters of 
the Red Sea. Marine Biology, 10/2: 113-133. 
Operculinella venosa (Fichtel 
& Moll, 1798)  
 Jones, R.W. 1994. The Challenger Foraminifera. Oxford University Press, 149 p. 
 Pannellaina earlandi, Sieglie 
and Bermudez, 1976 
Pannellaina Sieglie and Bermudez, 1976 
Parahauerinoides fragilissima 
(Brady, 1884)  
 Liu J.Y. (ed.). 2008. Checklist of marine biota of China seas. China Science Press, pp. 
1267. 
Pararotalia nipponica Asano, 
1936  
Asano K., 1936. Foraminifera from Muraoka-mura, Kamakura-gori, Kanagawa Prefecture. 
Geological Society of Japan Journal 42, 614 
Pararotalia ozawai (Asano, 
1951)  
Yim, W.W.-S. & He, X.-X. (1988). Holocene foraminifera in Hong Kong and their 
palaeoenvironmental significance. In: The palaeoenvironment of east asia from the mid-
tertiary, Proceedings of the Second International Conference on the Paleoenvironment of 
East Asia, Vol. II: Oceanography, Palaeozoology and Palaeoanthropology (eds. Whyte, P. 
Aigner, J.S., Jablonski, N.G., Taylor, G., Walker, D., Pinxian, W. & So, C.-L.), pp. 787-
809. Centre of Asian Studies, University of Hong Kong. 
Parasorites orbitoloides 
(Hofker, 1930)  
B. K. Sen Gupta, L. E. Smith, and M. L. Machain-Castillo. 2009. Foraminifera of the Gulf 
of Mexico, Pp. 87–129 in Felder, D.L. and D.K. Camp (eds.), Gulf of Mexico–Origins, 
Waters, and Biota. Biodiversity. Texas A&M Press, College Station, Texas.  
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Patellinella carinata (Collins, 
1958 ) 
Collins A. C., 1958. Foraminifera: Great Barrier Reef Expedition, 1928-1929. Science 
Reports London, 6(9), 407 
Patellinella inconspicua 
(Brady, 1884)  
Brady, H.G. 1884, Report on the foraminifera dredged by H.M.S. Challenger during the 
years 1873-1876. Report of the Challenger Expedition Zoology 9, 357 
Pavonina flabelliformis 
(d'Orbigny, 1826) 
Jones, R.W. 1994. The Challenger Foraminifera. Oxford University Press, 149 p.  
Peneroplis pertusus (Forskål, 
1775)  
Gross, O. 2001. Foraminifera, in: Costello, M.J. et al. (Ed.) 2001. European register of 
marine species: a check-list of the marine species in Europe and a bibliography of guides to 
their identification. Collection Patrimoines Naturels, 50: pp. 60-75 
Peneroplis planatus (Fichtel 
and Moll, 1798)  
Gross, O. 2001. Foraminifera, in: Costello, M.J. et al. (Ed.) 2001. European register of 
marine species: a check-list of the marine species in Europe and a bibliography of guides to 
their identification. Collection Patrimoines Naturels, 50: pp. 60-75 
Pileolina haigi (Parker, 2009) 
Parker, J.H. 2009. Taxonomy of Foraminifera from Ningaloo Reef, Western Australia. 
Association of Australian Palaeontologists Memoir 36,810 p. 
Pileolina minogasaformis 
(Ujiié, 1992)  
Hatta A., and Uliie, H., 1992. Benthic foraminifera from the coral seas between Ishigaki 
and Iriomote Islands, southern Ryukyu Island Arc, northwestern Pacific, Part 2. Systematic 
Descriptions of Rotaliina. Bulletin of College Science, University of Ryukyus 54, 185 
Planispirinella involuta 
(Collins, 1958) 
Collins A. C., 1958. Foraminifera: Great Barrier Reef Expedition, 1928-1929. Science 
Reports London, 6(9), 407 
Planoglabratella opercularis 
(d'Orbigny, 1826)  
 Hayward, B.W., Grenfell, H.R., Reid, C.M., Hayward, K.A. 1999. Recent New Zealand 
shallow-water benthic Foraminifera: Taxonomy, ecologic distribution, biogeography, and 
use in paleoenvironmental assessment. Institute of Geological and Nuclear Sciences 
Monograph 21, 258 p.  
Planogypsina acervalis (Brady, 
1884)  
Gross, O. 2001. Foraminifera, in: Costello, M.J. et al. (Ed.) 2001. European register of 
marine species: a check-list of the marine species in Europe and a bibliography of guides to 
their identification. Collection Patrimoines Naturels, 50: pp. 60-75 
Planogypsina squamiformis 
(Chapman, 1901) 
B. K. Sen Gupta, L. E. Smith, and M. L. Machain-Castillo. 2009. Foraminifera of the Gulf 
of Mexico, Pp. 87–129 in Felder, D.L. and D.K. Camp (eds.), Gulf of Mexico–Origins, 
Waters, and Biota. Biodiversity. Texas A&M Press, College Station, Texas. 
Poroeponides lateralis 
(Terquem, 1878)  
Gross, O. 2001. Foraminifera, in: Costello, M.J. et al. (Ed.) 2001. European register of 
marine species: a check-list of the marine species in Europe and a bibliography of guides to 
their identification. Collection Patrimoines Naturels, 50: pp. 60-75 
Pseudohauerinella orientalis 
(Cushman, 1946)  
Jones, R.W. 1994. The Challenger Foraminifera. Oxford University Press, 149 p. 
 
 112 
Table A21 (continued) 
 
Pseudomassilina australis 
(Cushman, 1932)  
Gross, O. 2001. Foraminifera, in: Costello, M.J. et al. (Ed.) 2001. European register of 
marine species: a check-list of the marine species in Europe and a bibliography of guides to 
their identification. Collection Patrimoines Naturels, 50: pp. 60-75 
Pseudomassilina pacificensis 
(Cushman, 1924)  
Cushman, J.A., 1924. Samoan Foraminifera. Carnegie last. Washington, pp. 44. 
Pseudononion (Asano, 1936) 
Loeblich, A.R.; Tappan, H. (1988). Foraminiferal Genera and their Classification. Van 
Nostrand Reinhold Company, New York. 970pp. 
Pyrgo denticulata (Brady, 
1884)  
B. K. Sen Gupta, L. E. Smith, and M. L. Machain-Castillo. 2009. Foraminifera of the Gulf 
of Mexico, Pp. 87–129 in Felder, D.L. and D.K. Camp (eds.), Gulf of Mexico–Origins, 
Waters, and Biota. Biodiversity. Texas A&M Press, College Station, Texas.  
Quinqueloculina bassensis 
(Parr, 1945)  
B. K. Sen Gupta, L. E. Smith, and M. L. Machain-Castillo. 2009. Foraminifera of the Gulf 
of Mexico, Pp. 87–129 in Felder, D.L. and D.K. Camp (eds.), Gulf of Mexico–Origins, 
Waters, and Biota. Biodiversity. Texas A&M Press, College Station, Texas. 
Quinqueloculina bicarinata 
d'Orbigny, 1826  
Gross, O. 2001. Foraminifera, in: Costello, M.J. et al. (Ed.) 2001. European register of 
marine species: a check-list of the marine species in Europe and a bibliography of guides to 
their identification. Collection Patrimoines Naturels, 50: pp. 60-75 
Quinqueloculina boroi 
McCulloch, 1981  
McCulloch, I. 1981 Qualitative observations on Recent foraminiferal tests. Part IV with 
emphasis on the Allan Hancock Atlantic Expedition Collections. University of Southern 
California, Los Angeles 
Quinqueloculina variolata 
d'Orbigny, 1878  
Gross, O. 2001. Foraminifera, in: Costello, M.J. et al. (Ed.) 2001. European register of 
marine species: a check-list of the marine species in Europe and a bibliography of guides to 
their identification. Collection Patrimoines Naturels, 50: pp. 60-75 
Quirimbatina rimosa Heron-
Allen & Earland, 1915  
Heron-Allen, E., Earland, A. 1915. The foraminifera of the Kerimba Archipelago 
(Portuguese East Africa) part II. Zoological Scoiety of London 17, 650. 
Reussella pacifica Cushman & 
McCulloch, 1948  
 Hayward, B. 2010. Reussella pacifica Cushman & McCulloch, 1948. In: Hayward, B.W., 
Cedhagen, T., Kaminski, M., Gross, O., 2015. World Foraminifera Database. Accessed at 
http://www.marinespecies.org/foraminifera/aphia.php?p=taxdetails&id=522937 on 2016-
09-12 
Reussella spinulosa (Reuss, 
1850)  
Gross, O. 2001. Foraminifera, in: Costello, M.J. et al. (Ed.) 2001. European register of 
marine species: a check-list of the marine species in Europe and a bibliography of guides to 
their identification. Collection Patrimoines Naturels, 50: pp. 60-75 
Rosalina bradyi (Cushman, 
1915)  
Gross, O. 2001. Foraminifera, in: Costello, M.J. et al. (Ed.) 2001. European register of 
marine species: a check-list of the marine species in Europe and a bibliography of guides to 
their identification. Collection Patrimoines Naturels, 50: pp. 60-75 
Rosalina floridana (Cushman, 
1922)  
Gross, O. 2001. Foraminifera, in: Costello, M.J. et al. (Ed.) 2001. European register of 
marine species: a check-list of the marine species in Europe and a bibliography of guides to 
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Rotorbis auberii (d'Orbigny, 
1839)  
Gross, O. 2001. Foraminifera, in: Costello, M.J. et al. (Ed.) 2001. European register of 
marine species: a check-list of the marine species in Europe and a bibliography of guides 
to their identification. Collection Patrimoines Naturels, 50: pp. 60-75 
Rugobolivinella spinosa 
(Hayward in Hayward & 
Brazier, 1980) 
Hayward, B.W. and Brazier, R.C., 1980. Taxonomy and distribution of present-day 
Bolivinella. Journal of Foraminiferal Research, 10(2): 102-116.  
Sagrinella convallaria (Millett, 
1900)  
Liu J.Y. (ed)., 2008. Checklist of marine biota of China seas. China Science Press. pp. 
1267  
Sigmamiliolinella australis 
(Parr, 1932)  
Liu J.Y. (ed)., 2008. Checklist of marine biota of China seas. China Science Press. pp. 
1267  
Sigmoihauerina involuta 
(Cushman, 1946)  
Jones, R.W. 1994. The Challenger Foraminifera. Oxford University Press, 149 p. 
Siphogenerina raphana (Parker 
& Jones, 1865)  
B. K. Sen Gupta, L. E. Smith, and M. L. Machain-Castillo. 2009. Foraminifera of the 
Gulf of Mexico, Pp. 87–129 in Felder, D.L. and D.K. Camp (eds.), Gulf of Mexico–
Origins, Waters, and Biota. Biodiversity. Texas A&M Press, College Station, Texas.  
Sorites orbiculus (Forskål, 1775)  
Gross, O., 2001. Foraminifera, in: Costello, M.J. et al. (Ed.) 2001. European register of 
marine species: a check-list of the marine species in Europe and a bibliography of guides 
to their identification. Collection Patrimoines Naturels, 50: pp. 60-93 
Spiroloculina acescata 
Cushman, 1932  
Debenay, J-P., 2013. A guide to 1,000 Foraminifera from the Southwestern Pacific New 
Caledonia. IRD Editions. Publication Scientifique du Museum. CP41, 383 pp., available 
online at http://www.ird.fr/editions/catalogue/ouvrage.php?livre=677 
Spiroloculina angulata 
Cushman, 1917  
Jones, R.W. 1994. The Challenger Foraminifera. Oxford University Press, pp. 149  
Spiroloculina antillarum 
d'Orbigny, 1839  
Sen Gupta, B. K., Smith, L. E., Machain-Castillo,  M. L.  2009. Foraminifera of the Gulf 
of Mexico, Pp. 87–129 in Felder, D.L. and D.K. Camp (eds.), Gulf of Mexico–Origins, 
Waters, and Biota. Biodiversity. Texas A&M Press, College Station, Texas. 
Spiroloculina corrugata 
Cushman & Todd, 1944  
Hottinger, L., Halicz, E., Reiss, Z. 1993: Recent Foraminifera from the Gulf of Aquaba, 
Red Sea.Slovenska akademija znanosti in umetnosti, Ljubljana, 179 p 
Spirosigmoilina bradyi Collins, 
1958  
B. K. Sen Gupta, L. E. Smith, and M. L. Machain-Castillo. 2009. Foraminifera of the 
Gulf of Mexico, Pp. 87–129 in Felder, D.L. and D.K. Camp (eds.), Gulf of Mexico–
Origins, Waters, and Biota. Biodiversity. Texas A&M Press, College Station, Texas. 
Stictogongylus rugata (Heron-
Allen & Earland, 1928)  
B. K. Sen Gupta, L. E. Smith, and M. L. Machain-Castillo. 2009. Foraminifera of the 
Gulf of Mexico, Pp. 87–129 in Felder, D.L. and D.K. Camp (eds.), Gulf of Mexico–
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Subanomalina pauperata 
(Balkwill & Wright, 1885)  
Gross, O. 2001. Foraminifera, in: Costello, M.J. et al. (Ed.) 2001. European register of 
marine species: a check-list of the marine species in Europe and a bibliography of guides 
to their identification. Collection Patrimoines Naturels, 50: pp. 60-75 
Tretomphaloides concinna 
(Brady, 1884)  
B. K. Sen Gupta, L. E. Smith, and M. L. Machain-Castillo. 2009. Foraminifera of the 
Gulf of Mexico, Pp. 87–129 in Felder, D.L. and D.K. Camp (eds.), Gulf of Mexico–
Origins, Waters, and Biota. Biodiversity. Texas A&M Press, College Station, Texas. 
Triloculina barnardi Haig, 1988  
Rasheed, D.A., 1971. Some foraminfera belonging to Miliodae and Ophthalmidiidae 
from the Coral Sea, south of Papua (New Guinae). Madras Universiet, Journal of Madras 
University, India 37-38, 54-55 
Triloculina earlandi Cushman, 
1954  
Liu J.Y.  (ed.), 2008. Checklist of marine biota of China seas. China Science Press. pp. 
1267 
Triloculina trigonula (Lamarck, 
1804)  
Gross, O. 2001. Foraminifera, in: Costello, M.J. et al. (Ed.) 2001. European register of 
marine species: a check-list of the marine species in Europe and a bibliography of guides 
to their identification. Collection Patrimoines Naturels, 50: pp. 60-75 
Tubinella funalis (Brady, 1884)  
 B. K. Sen Gupta, L. E. Smith, and M. L. Machain-Castillo. 2009. Foraminifera of the 
Gulf of Mexico, Pp. 87–129 in Felder, D.L. and D.K. Camp (eds.), Gulf of Mexico–
Origins, Waters, and Biota. Biodiversity. Texas A&M Press, College Station, Texas. 
Vertebralina insignis Brady, 
1884  
Jones, R.W. 1994. The Challenger Foraminifera. Oxford University Press, 149 p. 
Vertebralina striata d'Orbigny, 
1826  
Gross, O. 2001. Foraminifera, in: Costello, M.J. et al. (Ed.) 2001. European register of 
marine species: a check-list of the marine species in Europe and a bibliography of guides 
to their identification. Collection Patrimoines Naturels, 50: pp. 60-75 
Virgulopsis spinea (Cushman, 
1936)  
Liu J.Y. (ed.)., 2008. Checklist of marine biota of China seas. China Science Press, pp. 
1267  
Agglutinated species  
Clavulina multicamerata 
Chapman, 1907 
Jones, R.W. 1994. The Challenger Foraminifera. Oxford University Press, p. 149. 
Textularia agglutinans 
d'Orbigny, 1839  
Gross, O. 2001. Foraminifera, in: Costello, M.J. et al. (Ed.) 2001. European register of 
marine species: a check-list of the marine species in Europe and a bibliography of guides 
to their identification. Collection Patrimoines Naturels, 50: pp. 60-75 
Textularia corrugata Heron-
Allen et Earland, 1915 
Gross, O. (2001). Foraminifera, in: Costello, M.J. et al. (Ed.) (2001). European register 
of marine species: a check-list of the marine species in Europe and a bibliography of 
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Textularia goesii Cushman, 1911 
B. K. Sen Gupta, L. E. Smith, and M. L. Machain-Castillo. 2009. Foraminifera of the 
Gulf of Mexico, Pp. 87–129 in Felder, D.L. and D.K. Camp (eds.), Gulf of Mexico–
Origins, Waters, and Biota. Biodiversity. Texas A&M Press, College Station, Texas. 
Textularia lateralis Lalicker, 1935 
Liu J.Y. [Ruiyu] (ed.). (2008). Checklist of marine biota of China seas. China Science 
Press. 1267 pp 
Textularia foliacea Heron-Allen & 
Earland, 1915  
Hottinger, L., Halicz, E., Reiss, Z. 1993: Recent Foraminifera from the Gulf of Aquaba, 
Red Sea. Slovenska akademija znanosti in umetnosti, Ljubljana, 179 p. 
Trochammina inflata (Montagu, 
1808)  
Gross, O. 2001. Foraminifera, in: Costello, M.J. et al. (Ed.) 2001. European register of 
marine species: a check-list of the marine species in Europe and a bibliography of guides 




APPENDIX E - Foraminiferal analysis, species richness 
Foraminiferal fragmentation 
The patterns of mollusk fragmentation have previously been used to infer tsunami 
overwash sediments (e.g., Donato et al., 2008). However, this phenomenon has not been 
well documented in microfossils. Therefore, the potential taphonomic overprint during a 
Category 5 tropical cyclone was explored. Foraminifera that were fragmented by a storm, 
overwashed inland, and preserved on land would be protected from abrasion. This could 
result in a difference in the abundance of angular and rounded foraminifera in overwash 
when compared to the underlying sediment. To test this, it is important to distinguish 
between the relative abundance of rounded and angular fragmentation. This was done by 







where nrounded, nangular, and nfragmented represent the relative abundance of rounded, 
angular, and total fragmented foraminifera per sample. This presentation of data helps 
expose the ratio of fragmented foraminifera that are rounded to angular in the modern 
environment compared to overwash sediment. 
Biodiversity indices 
The Simpson’s Index (represented as D) is an indicator of dominance and 
biodiversity (Simpson, 1949), and effectively measures the similarity between species. 
This is measured using the equation: 
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𝐷 =
∑ 𝑛𝑖(𝑛𝑖 − 1)
N(N − 1)
 
Where ni = is the total number of individuals within each species, and N = is the total 
number of individuals. Values range from 0 to 1, where 1 indicates complete dominance 
by one species. Effectively, the value indicates the probability that the next species 
identified will match the last. For this reason, high Simpson’s Diversities can be 
indicative of few species in an ecosystem or a disproportional dominance of a particular 
series of species.  
The Shannon Diversity Index (represented as H) is an indicator of randomness 
(Shannon, 1948) that was adopted to measure the ecological stability (or species 
diversity) through analyzing the predictability of energy transfer within a community 
(MacArthur, 1955). The Shannon Diversity Index assumes a random distribution of 
species, and is measured using the equation: 
𝐻 = − ∑ 𝑝𝑖ln 𝑝𝑖 
 
Where pi = relative abundance of species, and values typically range from 1.5 
(uneven distribution or diverse) to 3.5 (even distribution or not diverse; MacDonald, 
2003), rarely exceeding 4 (Margalef, 1972).  
Problematically, species diversity and evenness influence both the Simpson’s and 
Shannon indices, causing some ambiguity in the dynamics of the ecosystem (Magurran, 
2004). For this reason, both indices are best applied in ecosystems that are similar, where 
one of the two elements (species richness or evenness) vary. This is easily done through 
comparing the species richness across samples in order to enable ecological comparisons 
and conclusions. 
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Through the use of the Simpson’s or Shannon indices, it is possible to gain insight 
into the species diversity, which can indicate key biological parameters. Low species 
diversities of foraminifera can indicate a stressed habitat, or species’ that are not 
particularly resistant to changing ecological parameters, whereas high species diversities 
can indicate the opposite (e.g., Romano et al., 2008).    
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APPENDIX F Statistical analysis 
‘Cluster’ package in R 
The ‘cluster’ package in R, formerly ‘clus’ (full name: "Finding Groups in Data": 
Cluster Analysis Extended Rousseeuw et al. [sic]) was developed by Hornik in 1998 to 
enable basic clustering in R using the algorithms outlined in Kaufman and Rousseeuw et 
al., 1990. The package has been continuously updated by Maechler since 2000 
(https://cran.r-project.org/web/packages/cluster/ChangeLog). Since its inception, the 
package has been included in textbooks (e.g., Rizzo, 2007; Dalgaard, 2008), and used in 
the research of medicine (e.g., Nugent et al., 2015; Willner et al., 2012), hydrogeology 
(e.g., Saccone et al., 2013), ecology (Strauß et al., 2010, Xiang et al., 2014), among many 
others. It is also open-source, enabling any user to understand the underpinnings and 
limitations of the coding. Documentation for PAM cluster analysis can be found at: 
https://stat.ethz.ch/R-manual/R-devel/library/cluster/html/pam.html.  
Partitioning Around a Medoid (PAM) 
In 1990, Kaufman and Rousseeuw proposed a clustering algorithm capable of 
producing median distance-matrices into an operator-defined number of groups. Medoids 
are defined as median centers of a particular group and serve as representations of a 
sample that would fit perfectly into its respective group. The similarity of a sample to the 
medoid is represented by a silhouette width, a dimensionless number that ranges from an 
imperfect fit (-1) to a perfect fit (1). The average silhouette width is a simple 
representation of how similar the samples are to their respective medoids. For this reason, 
silhouette widths are influenced by the number of parameters (or in our case species and 
taphonomic classes) that are used (Kaufman and Rousseeuw, 1990). This analysis has 
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proven useful in biological fields because of its ‘flexible’ definitions of similarity (van 
der Laan et al., 2002). In the microfossil community, PAM has been commonly applied 
to sea level reconstructions because of its ability to identify medoids, which represent 
different foraminiferal distributions correlated to each zonation within a salt marsh (e.g., 
Kemp et al., 2012; Engelhardt et al., 2013; Wilson et al., 2017). Further expanding upon 
PAM’s application, Pilarczyk et al. (2016) employed the clustering technique to 
successfully distinguish typhoon overwash from underlying sediments. As demonstrated 
by the foraminiferal community since 2012, PAM represents the perfect tool capable of 
identifying the foraminiferal abundances representative of a particular community.  
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